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ments  and  suggestions  from  users  concerning  the  new  editions. 


Digitized  by  the  Internet  Archive 
in  2019  with  funding  from 
Kahle/Austin  Foundation 


https://archive.org/details/organicsyntheses0062unse 


NOMENCLATURE 


Both  common  and  systematic  names  of  compounds  are  used  throughout  this 
volume,  depending  on  which  the  Editor-in-Chief  felt  was  more  appropriate.  The 
Chemical  Abstracts  indexing  name  for  each  title  compound,  if  it  differs  from 
the  title  name,  is  given  as  a  subtitle.  Systematic  Chemical  Abstracts  nomencla¬ 
ture,  used  in  both  the  9th  and  10th  Collective  Indexes  for  the  title  compound 
and  a  selection  of  other  compounds  mentioned  in  the  procedure,  is  provided  in 
an  appendix  at  the  end  of  each  preparation.  Registry  numbers,  which  are  useful 
in  computer  searching  and  identification,  are  also  provided  in  these  appendixes. 
Whenever  two  names  are  concurrently  in  use  and  one  name  is  the  correct  Chem¬ 
ical  Abstracts  name,  that  name  is  adopted.  For  example,  both  diethyl  ether  and 
ethyl  ether  are  normally  used.  Since  ethyl  ether  is  the  established  Chemical 
Abstracts  name  for  the  8th  Collective  Index,  it  has  been  used  in  this  volume. 
The  9th  Collective  Index  name  is  1 , 1 '-oxybisethane,  which  the  Editors  consider 
too  cumbersome. 


SUBMISSION  OF  PREPARATIONS 


Chemists  are  invited  to  submit  for  publication  in  Organic  Syntheses  procedures 
for  the  preparation  of  compounds  that  are  of  general  interest,  as  well  as  procedures 
that  illustrate  synthetic  methods  of  general  utility.  It  is  fundamental  to  the  use¬ 
fulness  of  Organic  Syntheses  that  submitted  procedures  represent  optimum  con¬ 
ditions,  and  the  procedures  should  be  checked  carefully  by  the  submitters,  not 
only  for  yield  and  physical  properties  of  the  products,  but  also  for  any  hazards 
that  may  be  involved.  Full  details  of  all  manipulations  should  be  described,  and 
the  range  of  yield  should  be  reported  rather  than  the  maximum  yield  obtainable 
by  an  operator  who  has  had  considerable  experience  with  the  preparation.  For 
each  solid  product  the  melting-point  range  should  be  reported,  and  for  each  liquid 
product  the  boiling-point  range  and  refractive  index  should  be  included.  In  most 
instances  it  is  desirable  to  include  additional  physical  properties  of  the  product, 
such  as  ultraviolet,  infrared,  mass,  or  nuclear  magnetic  resonance  spectra,  and 
criteria  of  purity  such  as  gas  chromatographic  data.  In  the  event  that  any  of  the 
reactants  are  not  commercially  available  at  reasonable  cost,  their  preparation 
should  be  described  in  as  complete  detail  and  in  the  same  manner  as  the  prep- 


aration  of  the  product  of  major  interest.  The  sources  of  the  reactants  should  be 
described  in  the  Notes  section,  and  physical  properties  such  as  boiling  point, 
index  of  refraction,  and  melting  point  of  the  reactants  should  be  included  except 
where  standard  commercial  grades  are  specified. 

Beginning  with  Volume  49,  Methods  of  Preparation  (Sec.  3)  and  Merits  of 
the  Preparation  (Sec.  4)  have  been  combined  into  Discussion  (Sec.  3).  This 
section  should  include  descriptions  of  related  and  practical  methods.  Other  pub¬ 
lished  methods  that  have  no  practical  synthetic  value  do  not  need  to  be  mentioned. 
Those  features  of  the  procedure  that  recommend  it  for  publication  in  Organic 
Syntheses  should  be  cited  (synthetic  method  of  considerable  scope,  specific 
compound  of  interest  not  likely  to  be  made  available  commercially,  method  that 
gives  better  yield  or  is  less  laborious  than  other  methods,  etc.).  If  possible,  a 
brief  discussion  of  the  scope  and  limitations  of  the  procedure  as  applied  to  other 
examples,  as  well  as  a  comparison  of  the  particular  method  with  the  other  methods 
cited,  should  be  included.  If  necessary  to  the  understanding  or  use  of  the  method 
for  related  syntheses,  a  brief  discussion  of  the  mechanism  may  be  placed  in  this 
section.  The  present  emphasis  of  Organic  Syntheses  is  on  model  procedures 
rather  than  on  specific  compounds  (although  the  latter  are  still  welcomed),  and 
the  Discussion  should  be  written  to  help  readers  decide  on  the  value  of  the 
procedure  in  their  research.  Three  copies  of  each  procedure  should  be  submitted 
to  the  Secretary  of  the  Editorial  Board.  An  accompanying  letter  setting  forth  the 
features  of  the  preparations  that  are  of  interest  or  value  is  helpful  to  the  Board. 

Additions,  corrections,  and  improvements  to  the  preparations  previously  pub¬ 
lished  are  welcomed;  these  should  be  directed  to  the  Secretary. 


JOHN  R.  JOHNSON 
August  9,  1900-May  25,  1983 


John  Raven  Johnson,  known  as  Jack  Johnson  to  all  his  friends,  was  a  member 
of  the  first  Board  of  Directors  of  Organic  Syntheses  when  it  was  incorporated 
in  the  state  of  New  York,  December  11,  1939.  He  continued  membership  for 
about  20  years.  Prior  to  this,  Jack  served  for  about  8  years  on  the  Active  Board 
of  Editors,  soliciting  preparations  and  checking  them.  He  was  Editor-in-Chief 
of  two  annual  volumes,  Vol.  XVI  (1936)  and  Vol.  XIX  (1939).  He  also  served 
on  the  Advisory  Board  of  Editors  until  his  death. 

Jack  Johnson  was  bom  in  Chicago,  August  9,  1900.  He  attended  Lincoln 
School,  Lane  Technical  High  School  and  Lane  Junior  College  and  entered  the 
University  of  Illinois  (Urbana)  in  1917.  He  received  a  B.S.  in  Chemistry  in 
1919;  an  M.S.  in  1920  and  the  Ph.D.  in  1922  just  prior  to  his  22nd  birthday. 
His  Ph.D.  research  and  thesis  were  carried  out  under  the  direction  of  Roger 
Adams.  He  received  an  American  Field  Fellowship  for  study  abroad  and  spent 
two  years  at  the  College  de  France,  working  with  Charles  Maureau  and  Charles 
Dufraisse,  two  outstanding  French  organic  chemists.  Jack  learned  many  new 
laboratory  techniques,  which  he  taught  his  research  students  and  colleagues  on 
his  return  to  the  states. 

From  1924  to  1927,  Jack  Johnson  served  as  instructor  in  organic  chemistry 
at  the  University  of  Illinois  (Urbana).  Besides  teaching  and  directing  research 
problems  for  seniors  and  graduate  students  he  collaborated  with  Roger  Adams 
in  publishing  Elementary  Laboratory  Experiments  in  Organic  Chemistry.  It  was 
first  published  in  1928  and  had  many  revisions.  This  book,  now  in  its  7th  edition, 
has  been  edited  in  recent  years  by  Charles  F.  Wilcox,  one  of  Johnson’s  colleagues 
at  Cornell  University;  Adams  and  Johnson  was  as  well  known  in  the  U.S.A.  as 
the  classic  Gatterman-Wi eland. 

In  1927,  Jack  Johnson  became  assistant  professor  at  Cornell  University  thus 
starting  a  career  which  extended  almost  40  years  at  that  school.  He  restructured 
the  courses  in  organic  chemistry  and  developed  a  broad  program  of  research. 
His  enthusiasm  and  personal  contributions  led  to  his  promotion  to  full  professor 
in  1930  when  he  was  barely  30  years  old. 

He  was  elected  to  the  National  Academy  of  Science  in  1948  and  was  appointed 
to  the  endowed  Todd  Professorship  at  Cornell  in  1952,  a  position  he  held  until 
his  retirement  in  1965.  In  addition  to  his  service  on  the  Editorial  Boards  of 
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Organic  Syntheses  and  Organic  Reactions,  Jack  and  his  students  published  re¬ 
search  papers  on  organo-boron  compounds,  furan  derivatives,  dienes,  ketene 
derivatives,  the  structure  of  gliotoxin,  and  biosynthesis  of  isoprene  derivatives. 

As  an  outgrowth  of  an  advanced  Organic  Chemistry  course  which  Jack  de¬ 
veloped  at  Cornell,  he  prepared  a  1 17  page  chapter  on  Modern  Electronic  Con¬ 
cepts  of  Valence,  which  was  published  in  Gilman’s  Advanced  Treatise  on  Organic 
Chemistry,  Volume  II,  1938. 

Jack  was  a  consultant  to  the  research  division  of  duPont  from  1937  to  1967 
and  encouraged  the  development  of  the  great  advances  in  polymer  chemistry  by 
Carothers,  a  friend  from  his  Illinois  days,  and  his  co-workers  at  duPont. 

During  the  period  1941-1945,  Jack  served  on  the  NDRC  and  OSRD  research 
projects  connected  with  the  war  effort.  He,  with  his  collaborators  at  Cornell, 
contributed  to  the  anti-malarial  program  and  was  a  consultant  to  the  penicillin 
program.  He  was  a  co-author  with  H.  T.  Clark  and  Sir  Robert  Robinson  of  the 
monograph  The  Chemistry  of  Penicillin.  This  volume  summarized  the  work  in 
the  British  and  American  Laboratories.  In  1951  Jack  served  for  a  year  in  West 
Germany  as  special  consultant  to  the  U.S.  State  Department.  For  his  wartime 
services  he  received  the  U.S.  Medal  of  Merit  and  the  Medaille  d’Honneur  of 
France.  After  his  war  service,  Jack  again  took  up  his  teaching  and  research  at 
Cornell  until  he  retired  in  1965.  A  special  symposium  was  held  at  Cornell  in 
May  of  1965  in  honor  of  Jack  Johnson’s  achievements. 

Shortly  after  Jack  moved  to  Cornell,  he  met  Hope  Anderson,  A.B.  Mt.  Hol¬ 
yoke,  1923.  They  were  married  in  1929  and  had  a  happy  home,  raising  two 
sons,  Keith  and  Leonard,  in  spite  of  the  depression  and  war  years.  After  retire¬ 
ment  in  1965  Hope  and  Jack  moved  to  their  farm  in  Deer  Valley,  Townshend, 
Vermont.  They  enjoyed  gardening  and  travel  on  passenger-carrying  freighters 
to  many  parts  of  the  world.  In  recent  years,  Jack  developed  emphysema  and  this 
ultimately  led  to  his  death  on  May  28,  1983.  Jack  Johnson  played  an  important 
role  in  the  growth  of  organic  chemistry  from  1922  to  1965.  His  many  friends, 
students  and  colleagues  remember  him  and  honor  him  for  his  achievements. 


January  1984 


Ralph  L.  Shriner 


PREFACE 


This  annual  volume  continues  the  recent  style  of  Organic  Syntheses  with 
emphasis  on  modem  synthesis  methodology.  There  are  28  checked  procedures. 

The  first  seven  procedures  are  examples  of  metal-promoted  processes  and 
reflect  the  growing  importance  of  organo-transition  metal  intermediates  in  organic 
synthesis.  The  synthesis  of  Z-l-IODOHEXENE  demonstrates  the  copper-pro¬ 
moted  carbo-metalation  of  acetylene  starting  from  organo-lithium  reagents,  with 
high  specificity  in  the  geometry  of  the  alkene.  Extension  of  the  Wacker  process 
to  a  general  conversion  of  terminal  alkenes  into  methyl  ketones  is  exemplified 
by  the  formation  of  2-DECANONE.  The  use  of  organocuprates  is  shown  again 
through  the  conjugate  addition-elimination  reaction  of  enol  phosphates  of 
p-ketoesters  to  produce  a  p-METHYL-a,p-UNSATURATED  CARBOX¬ 
YLIC  ACID  ESTER.  The  value  of  lead(IV)  compounds  in  activating  electron- 
rich  aromatic  rings  toward  coupling  with  carbon  nucleophiles  is  shown  by  the 
conversion  of  anisole  directly  to  the  p-(triacetoxylead)  derivative  and  then  cou¬ 
pling  with  a  p-ketoester  in  pyridine,  resulting  in  overall  arylation  of  the  P-ketoester. 
The  coupling  of  main  group  organo-metal  species  with  organic  halides  catalyzed 
by  Pd(O)  is  one  of  the  most  powerful  and  general  techniques  for  carbon-carbon 
bond  formation.  Included  here  are  the  coupling  of  a  vinyl-alane  with  an  allylic 
chloride  to  produce  a-FARNESENE  and  the  coupling  of  an  aryl-lithium  with 
c/s-P-bromostyrene  to  give  a  cis-l,2-DIARYLETHYLENE.  Both  processes 
show  the  impressive  selectivities  characteristic  of  the  general  method.  Nucleo¬ 
philic  addition  to  alkenes  catalyzed  by  Pd(II)  shows  up  again  in  the  intramolecular 
addition  of  a  sulfonamide  to  a  mono-substituted  alkene,  producing  a  DIHY¬ 
DROPYRROLE  derivative.  This  sequence  also  demonstrates  the  conversion  of 
a  secondary  hydroxyl  to  an  amino  group  with  inversion  using  diethyl  azodicar- 
boxylate  and  triphenylphosphine. 

Seven  procedures  describe  preparation  of  important  synthesis  intermediates. 
A  two-step  procedure  gives  2-(HYDROXYMETHYL)ALLYLTRIMETH- 
YLSILANE,  a  versatile  bifunctional  reagent.  As  the  acetate,  it  can  be  converted 
to  a  trimethylenemethane-palladium  complex  (in  situ )  which  undergoes  [3  +  2] 
annulation  reactions  with  electron-deficient  alkenes.  A  preparation  of  halide-free 
METHYLLITHIUM  is  included  because  the  presence  of  lithium  halide  in  the 
reagent  sometimes  complicates  the  analysis  and  use  of  methyllithium.  Com¬ 
mercial  samples  invariably  contain  a  full  molar  equivalent  of  bromide  or  iodide. 
AZULENE  is  a  fundamental  compound  in  organic  chemistry;  the  preparation 
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described  in  this  volume  is  efficient  and  can  be  applied  to  substituted  versions. 
The  dienophile,  3-ACETYL-2(3H)-OXAZOLONE,  is  an  attractive  interme¬ 
diate  for  the  synthesis  of  vicinal  aminoalcohols  with  cis  configuration.  A  new 
reagent,  2,4-BIS-(4-METHOXYPHENYL)-l,2,3,4-DITHIADIPHOSPHE- 
TANE-2, 4-DISULFIDE,  is  prepared  in  one  step  from  anisole  and  P4S10,  and 
serves  in  a  general  method  of  conversion  of  amides  to  thioamides,  such  as  N- 
METHYLTHIOPYRROLIDONE.  A  powerful  phosphorylating  and  acyl  cou¬ 
pling  reagent  is  DIPHENYL  PHOSPHORAZIDATE,  which  is  prepared  in  a 
simple  way.  Several  quite  different  synthesis  conversions  have  been  developed 
with  this  reagent,  and  a  general  ring  contraction  procedure  is  exemplified  by 
turning  cyclododecanone  into  CYCLOUNDECANECARBOXYLIC  ACID.  The 
final  specific  reagent  synthesis  provides  an  unusual  heterocyclic  system,  THIETE 
1,1-DIOXIDE  and  3-CHLOROTHIETE  1,1-DIOXIDE.  These  reactive  com¬ 
pounds  are  precursors  of  various  heterocycles  and  of  vinylsulfene,  and  have 
served  as  dienophiles  in  the  Diels-Alder  reaction. 

Reduction  of  aryldiazonium  salts  with  Ti(III)  produces  aryl  radicals  which 
couple  efficiently  with  the  (3-position  of  a,(3-unsaturated  carbonyl  compounds. 
The  overall  result  is  arylation  of  electron-deficient  alkenes;  4-(/?-CHLORO- 
PHENYL)BUTAN-2-ONE  is  obtained  from  4-chlorobenzenediazonium  chlo¬ 
ride  and  methyl  vinyl  ketone.  Remarkable  selectivity  in  halogen-lithium  ex¬ 
change  at  low  temperature  allows  formation  of  aryllithium  reagents  with  chloroalkyl 
side  chains.  At  higher  temperatures  direct  ring  closures  occur,  giving  in  this 
example  4,5-METHYLENEDIOXYBENZOCYCLOBUTENE.  The  arylli¬ 
thium  can  be  intercepted  by  electrophiles  such  as  a  nitrile,  leading  to  new  ring 
systems.  An  example  is  the  preparation  of  a  2-PHENYL-DIHYDROISOQUI- 
NOLINE. 

Titanium(lV)  is  a  powerful  but  selective  Lewis  acid  which  can  promote  the 
coupling  of  allylsilanes  with  carbonyl  compounds  and  derivatives.  In  the  presence 
of  titanium  tetrachloride,  benzalacetone  reacts  with  allyltrimethylsilane  by 
1,4-addition  to  give  4-PHENYL-6-HEPTEN-2-ONE.  Similarly,  the  enol  silyl 
ether  of  cyclopentanone  is  coupled  with  r-pentyl  chloride  using  titanium  tetra¬ 
chloride  to  give  2-(tert-PENTYL)CYCLOPENTANONE,  an  example  of  a-tert- 
alkylation  of  ketones. 

Photochemical  [2  +  2]  cycloaddition  is  a  powerful  way  to  produce  cyclo¬ 
butanes,  which,  in  turn,  are  reactive  synthesis  intermediates.  N-Methylpyrrole 
adds  aldehydes  via  [2  +  2]  photocycloaddition  to  give  transient  oxetanes  with 
high  regioselectivity.  Ring-opening  produces  3-(a-hydroxyalkyl)pyrroles  which 
are  oxidized  easily  to  3-arylpyrroles,  such  as  3-BUTYROYL-l-METHYL- 
PYRROLE.  With  a  special  apparatus,  ethylene  is  conveniently  added  to  3-methyl- 
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2-cyclohexenone  to  give  6-METHYLBICYCLO[4.2.0]OCTAN-2-ONE.  In¬ 
tramolecular  [2  +  2]  photocycloaddition  of  a  diolefin  is  promoted  by  Cu(I). 
The  specific  example  here  carries  an  allylic  hydroxyl  group  without  inter¬ 
ference  and  leads,  after  oxidation,  to  3,3-DIMETHYL-cis-BICYCLO[3.2.0]- 
HEPTAN-2-ONE, 

It  is  well  known  that  a,(3-unsaturated  ketones  and  aldehydes  can  be  converted 
into  (S-bromoketals  and  acetals,  which  are  generally  useful  synthesis  interme¬ 
diates.  An  improved  procedure  employs  a  small  amount  of  dicinnamalace- 
tone  as  indicator  during  addition  of  HBr  to  the  unsaturated  carbonyl  compound. 
Both  2-(2-BROMOETHYL)-l ,3-DIOXANE  (from  acrolein)  and  2,5,5-TRI- 
METHYL-2-(2-BROMOETHYL)-l,3-DIOXANE  (from  methyl  vinyl  ketone) 
are  obtained  in  good  yield  on  large  scale.  A  general  reduction  method  for  con¬ 
verting  quinones  to  arenes  employs  hydriodic  acid  and  is  particularly  effective 
for  large  polynuclear  aromatics,  such  as  BENZ[a]ANTHRACENE. 

An  important  biological  process  is  the  basis  for  a  general  coupling  method  of 
aldehydes  into  symmetrical  acyloins,  such  as  BUTYROIN.  The  key  catalyst  is 
5-(2-hydroxyethyl)-4-methyl-l  ,3-thiazole,  an  analog  of  thiamin.  Condensation 
of  ketones  and  aldehydes  with  excess  acetonitrile  can  be  accomplished  in  a 
simple  way  to  produce  a,(3-unsaturated  nitriles.  Cyclohexanone  leads  to  CY- 
CLOHEXYLIDENEACETONITRILE  while  benzaldehyde  gives  CINNA- 
MONITRILE. 

Cyanohydrin  trimethylsilyl  ethers  are  generally  useful  as  precursors  of  “car¬ 
bonyl  anion  equivalents”  and  as  protected  forms  of  aldehydes.  Direct  conversion 
of  p-anisaldehyde  into  O-TRIMETHYLSILYL-4-METHOXYMANDELO- 
NITRILE  employs  a  convenient  in  situ  generation  of  trimethylsilyl  cyanide 
from  chlorotrimethylsilane.  A  general  synthesis  of  allenic  esters  is  a  variant  of 
the  Wittig  reaction.  Ethyl  (triphenylphosphoranylidene)acetate  converts  pro- 
pionyl  chloride  into  ETHYL  2,3-PENTADIENOATE. 

The  Board  of  Editors  welcomes  both  the  submission  of  preparations  for  future 
volumes  and  suggestions  for  change  that  will  enhance  the  usefulness  of  Organic 
Syntheses.  Submitters  are  kindly  asked  to  examine  the  instructions  appearing 
before  the  Preface  in  this  volume  that  describe  the  type  of  preparations  we  wish 
to  receive  and  also  the  information  to  be  included  in  each  contribution.  A  Style 
Guide  for  preparing  manuscripts  is  available  from  the  Secretary  to  the  Board, 
and  submitters  are  requested  to  follow  its  instructions. 

Professor  Jeremiah  P.  Freeman,  current  Secretary  to  the  Board,  has  carried 
on  the  voluminous  correspondence  with  the  submitters  and  the  checkers  behind 
the  scenes  and  provided  valuable  guidance  to  the  Editor-in-Chief.  The  Chemical 
Abstracts  names  and  registry  numbers  in  the  appendix  following  each  procedure 
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Martin  at  Notre  Dame  and  Mrs.  Beth  Ebling  at  Princeton  for  their  help  in 
preparing  the  final  edition. 


Martin  F.  Semmelhack 

Princeton,  New  Jersey 
July  1984 


xiv 


CONTENTS 


Z- 1  -IODOHEXENE . 1 

A  GENERAL  SYNTHETIC  METHOD  FOR  THE  PREPARATION  OF  METHYL  KETONES 

FROM  TERMINAL  OLEFINS:  2-DEC ANONE . 9 

|3-ALKYL-a,p-UNSATURATED  ESTERS  FROM  ENOL  PHOSPHATES 

OF  (3-KETO  ESTERS:  METHYL  2-METHYL- 1 -CYCLOHEXENE- 1-CARBOXYLATE  . .  .14 
THE  C-ARYLATION  OF  (3-DICARBONYL  COMPOUNDS:  ETHYL  1-p- 

METHOXYPHENYL)-2-OXOCYCLOHEXANECARBOX  YLATE . 24 

PALLADIUM-CATALYZED  SYNTHESIS  OF  1 ,4-DIENES  BY  ALLYLATION  OF 

ALKENYLALANES.  a-FARNESENE . 31 

PALLADIUM-PHOSPHINE  COMPLEX  CATALYZED  REACTION  OF  ORGANOLITHIUM 
COMPOUNDS  AND  ALKENYL  HALIDES: 

(Z)-p-[2-(N,N-DIMETHYLAMINO)PHENYL]-STYRENE . 39 

cis-N-TOSYL-3-METHYL-2-AZABICYCLO[3.3.0]OCT-3-ENE . 48 

SILYLATION  OF  2-METH YL-2-PROPEN- 1  -OL  DI ANION:  2-(HYDROXYMETHYL)- 

ALLYLTRIM  ETHYLS  1 1.  A  N  E . 58 

REDUCTIVE  ARYLATION  OF  ELECTRON-DEFICIENT  OLEFINS; 

4-(4-CHLOROPHENYL)-BUTAN-2-ONE . 67 

SELECTIVE  HALOGEN-LITHIUM  EXCHANGE  REACTIONS  OF 
2-(2'-HALOPHENYL)-ETHYL  HALIDES:  SYNTHESIS  OF  4,5- 
METHYLENEDIOXYBENZOCYCLOBUTENE  AND  1 -PHENYL- 

3, 4-DIHYDRO-6,7-METHYLENEDIOXYISOQUINOLINE  . 74 

CONJUGATE  ALLYLATION  OF  a,(3-UNSATURATED  KETONES 

WITH  ALLYLSILANE:  4-PHENYL-6-HEPTEN-2-ONE . 86 

a-tert- ALKYLATION  OF  KETONES:  2-tert-PENT YLC Y CLO- 

PENTANONE . 95 

PREPARATION  OF  HALIDE-FREE  METHYLLITHIUM . 101 

3-(  1  -H YDROX YBUTYL)-  1-METHYLPYRROLE  AND  3-BUTYROYL- 

1  -METH  YLPYRROLE . 1 1 1 

PHOTOCYCLIZATION  OF  AN  ENONE  TO  AN  ALKENE:  6-METHYLBICYCLO[4.2.0]- 

OCTAN-2-ONE . 118 

COPPER  (I)-CATALYZED  PHOTOCYCLOADDITION:  3,3- 

DIMETHYL-cis-BICYCLO[3.2.0]HEPTAN-2-ONE . 125 

SYNTHESIS  OF  AZULENE . 134 

XV 


V 


P-HALOACETALS  AND  -KETALS:  2-(2-BROMOETHYL)- 

1 .3- DIOXANE  AND  2,5,5-TRIMETHYL-2-(2-BROMOETHYL)- 

1. 3- DIOX  ANE . 140 

SYNTHESIS  AND  DIELS-ALDER  REACTION  OF  3-ACETYL-2(3H)-OXAZOLONE . 149 

THIATION  WITH  2,4-BIS(4-METHOXYPHENYL)-l  ,3,2,4-DITHIADIPHOSPHETANE  2,4- 

DISULFIDE:  N-METHYLTHIOPYRROLIDONE . 158 

REDUCTION  OF  QUINONES  WITH  HYDRIODIC  ACID:  BENZ[a] ANTHRACENE . 165 

ACYLOIN  CONDENSATION  BY  THIAZOLIUM  ION  CATALYSIS:  BUTYROIN . 170 

SYNTHESIS  OF  a,p-UNSATURATED  NITRILES  FROM 

ACETONITRILE:  PREPARATION  OF  CYCLOHEX YLIDENE- 

ACETONITRILE  AND  CINNAMONITRILE . 179 

DIPHENYL  PHOSPHORAZIDATE . 187 

CYCLOUNDECANECARBOXYLIC  ACID . 191 

In  Situ  CYANOSILYLATION  OF  CARBONYL  COMPOUNDS:  O-TRIMETHYLSILYL-4- 

METHOXYMANDELONITRILE . 196 

a-ALLENIC  ESTERS  FROM  a-PHOSPHORANYLIDENE  ESTERS 

AND  ACID  CHLORIDES:  ETHYL  2,3-PENTADIENOATE . 202 

THIETE  1,1-DIOXIDE  AND  3-CHLOROTHIETE  1,1-DIOXIDE . 210 

List  of  Unchecked  Procedures . 218 

Cumulative  Author  Index  for  Volumes  60,  61,  and  62 . 223 

Cumulative  Subject  Index  for  Volumes  60,  61,  and  62 . 226 


xvi 


ORGANIC  SYNTHESES 


V 


< 


Z-l-IODOHEXENE 


(1-Hexene,  1-iodo-,  (Z)-) 


nC4H9Li 


0.  CuBr  •  Me2S 
b.  HC  3=  CH 


C.  I2 


H  H 

\  / 

c  =  c 

/  \ 

nC4  H9  I 


Submitted  by  A.  Alexakis,  G.  Cahiez,  and  J.  F.  Normant1. 

Checked  by  J.  Gabriel,  P.  Knochel  ,  and  Dieter  Seebach. 

1.  Procedure 

A.  Preparation  of  an  ether  solution  of  lithium  dibutylcuprate.  A  500-mL 
flask  (Fig.  1)  with  a  side  arm  is  equipped  with  a  magnetic  stirring  bar, 
rubber  septum,  and  three-way  stopcock,  on  top  of  which  is  attached  a  rubber 
balloon,  D.  A  Pt-100- thermometer ,  E,  is  inserted  into  the  flask  through  the 
septum  (Note  1).  The  air  in  the  flask  is  replaced  by  dry  nitrogen  (Note  2). 
The  flask  is  charged  with  10.8  g  (0.0525  mol)  of  cuprous  bromide-dimethyl 
sulfide  complex  (Note  3)  and  100  mL  of  ether,  then  immersed  in  a  bath  at 
-50°C;  0.10  mol  of  n-butyll i thium,  ca.  1.6  M  solution  in  hexane,  (Note  4)  is 
added  dropwise,  with  stirring,  via  a  syringe  inserted  through  the  rubber 
septum,  at  such  a  rate  that  the  temperature  of  the  reaction  mixture  does  not 
exceed  -20°C. 
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After  the  addition  is  complete,  stirring  is  continued  at  -30°C 
to  produce  a  grey-blue  or  dark  blue  solution  of  the  cuprate  (Note  5) 


for  10  min 


B.  Preparation  of  a  solution  of  lithium  di(Z-hexenyl) cuprate.  A  needle 
connected  to  an  acetylene  supply  (Note  6)  is  introduced  through  the  rubber 
septum  of  the  flask,  with  its  end  at  least  1  cm  below  the  surface  of  the 
cuprate  solution.  The  stopcock  is  fully  opened  towards  the  balloon,  the 
solution  is  cooled  to  -50°C,  and  2.64  L  (0.11  mol)  of  acetylene  (Note  6)  is 
bubbled  into  the  stirred  cuprate  solution,  the  temperature  of  which  should  not 
rise  above  -25°C.  The  gas  inlet  is  removed  and  the  greenish  solution  is 
stirred  at  -25°C  for  30  min. 
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C.  Preparation  of  Z-iodohexene .  A  dry,  100-mL  flask  with  a  side  arm  is 
charged  with  26.7  g  (0.105  mol)  of  iodine,  equipped  with  a  stirring  bar, 
three-way  stopcock,  and  rubber  septum,  and  flushed  with  argon  as  described 
above  (Part  A).  The  iodine  is  dissolved  by  introducing,  with  stirring,  30  mL 
of  tetrahydrofuran  through  the  septum  with  a  syringe.  Flask  A,  which  contains 
the  iodine  solution,  is  connected  to  flask  B,  which  contains  the  vinyl  cuprate 
solution  as  shown  in  Figure  1.  The  cuprate  solution  is  kept  between  -60°  and 
-50°C  while  the  iodine  solution  is  pushed  through  the  Teflon  tubing,  C.  Then 
the  cooling  bath  is  removed  and  the  temperature  is  allowed  to  rise  to  -10°C, 
whereupon  a  precipitate  of  copper(I)  iodide  is  formed,  and  the  mixture  turns 
yellow.  After  10  min  at  -10°C,  a  mixture  of  100  mL  of  saturated  aqueous 
ammonium  chloride  and  10  mL  of  saturated  sodium  bisulfite  is  added  with 
vigorous  stirring.  The  mixture  is  filtered  by  suction  through  10  g  of  Celite 
on  a  sintered  glass  funnel  (#3),  the  contents  of  the  funnel  are  washed  twice 
with  50  mL  of  ether,  and  the  filtrate  is  separated  into  two  layers  (Note  7). 
The  inorganic  layer  is  washed  twice  with  50  mL  of  pentane,  and  the  combined 
organic  layers  are  washed  with  aqueous  sodium  bisulfite  (Note  8)  and  saturated 
ammonium  chloride  solution,  and  dried  over  anhydrous  MgSO^.  The  solvents  are 
removed  by  distillation  through  a  20-cm  Vigreux  column  at  atmospheric 
pressure.  A  spatula  of  copper  powder  is  added  to  the  residue,  and  the  stirred 
mixture  is  distilled  under  reduced  pressure  through  a  10-cm  Vigreux  column  to 
give  13.5-15.5  g  (65-75%)  of  Z-l-iodohexene,  bp  47 ° C/ ( 15  mm)  (Notes  9  and  10). 
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2 .  Notes 


1.  The  technique  used  here  has  been  described  previously  by  the 
checkers.3  Instead,  the  submitters  used  a  dry  500-mL,  three-necked  flask 
equipped  with  a  variable  speed  mechanical  stirrer,  a  100-mL  pressure¬ 
equalizing  dropping  funnel  topped  by  a  gas  inlet  and  a  Claisen  head  containing 
a  low  temperature  thermometer  (-70°C  to  +35°C),  and  a  bubbler.  A  stream  of 
nitrogen  followed  from  the  gas  inlet. 

2.  This  manipulation  is  described  in  detail  in  Ovg.  Synth.  1971,  51,  39. 

3.  This  complex3  should  be  used  when  the  organol i thium  is  in  solution  in 
a  hydrocarbon  solvent.  For  organol  i thium  reagents  prepared  in  ether  (see  Note 
4),  the  same  complex  may  be  used  or,  more  conveniently,  copper  iodide  (Cul) 
can  be  used.  The  Cul  purchased  from  Prolabo  or  Merck  &  Company,  Inc.  may  be 
used  directly.  Other  commercial  sources  of  Cul  (Fluka,  Aldrich  Chemical 
Company,  Inc.,  Alfa  Products,  Morton/Thiokol  ,  Inc.)  furnish  a  salt  which 
affords  better  results  when  purified.  1  mol  of  Cul  is  stirred  for  12  hr  with 
500  mL  of  anhydrous  tetrahydrofuran,  then  filtered  on  a  sintered  glass  funnel 
(#3),  washed  twice  with  50  mL  of  anhydrous  tetrahydrofuran,  once  with  50  mL  of 
anhydrous  ether  and  finally  dried  under  reduced  pressure  (0.1  mm)  for  4  hr. 

4.  n-Butyl 1 i thium  was  used  as  purchased  from  Aldrich  Chemical  Company, 
Inc.,  Fluka,  or  Metal  1 gesel 1 schaft  (Frankfurt).  Ethereal  solutions  of  n- 
butyl lithium  may  also  be  used.  Other  organol i thium  compounds  are  easily 
prepared  in  ether;  the  following  is  representative. 

Under  an  atmosphere  of  argon,  a  solution  of  n-butyl  bromide  (137  g,  1 
mol)  in  anhydrous  ether  (500  mL)  is  added  with  stirring  to  small  chips  of 
lithium  containing  1-2%  of  sodium  (15.5  g,  2.2  g-atom)  in  ether  (150  mL).  The 
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reaction  starts  after  the  addition  of  about  40  mL  of  butyl  bromide  solution  at 
room  temperature.  The  temperature  rises  and  the  lithium  metal  becomes 
bright.  If  the  reaction  does  not  start,  the  addition  of  a  small  amount  of 
1 ,2-dibromoethane  (1  mL)  is  often  effective.  Then  the  reaction  mixture  is 
cooled  (-5°C  to  -10°C)  and  addition  of  the  butyl  bromide  solution  is  continued 
slowly  (about  4  hr).  At  the  end  of  the  addition,  the  solution  is  stirred  for 
2  hr  at  -5°C  to  -10°C;  then  the  reaction  mixture  is  allowed  to  warm  to  room 
temperature.  After  2  hr,  excess  lithium  metal  is  removed.  For  many  purposes, 
the  use  of  a  clear  solution,  obtained  after  the  reaction  mixture  has  stood 
overnight  at  0°  to  -5°C,  is  preferable.  n-Butyl 1 ithium  in  ether  can  be  stored 
under  an  argon  atmosphere  without  decomposition  for  15  days  at  0°C  or  for  2 
months  at  -15°C. 

5.  During  all  of  the  operations,  the  rate  of  stirring  is  adjusted  to 

avoid  splashing  the  wall  of  the  flask;  above  -10°C,  thermal  decomposition  of 

the  cuprate  occurs.  This  is  indicated  by  the  presence  of  a  black  suspension, 
which  is  also  formed  if  a  copper(I)  salt  of  insufficient  purity  is  used,  or 
when  oxygen  gets  into  the  reaction  flask. 

6.  The  proper  volume  of  acetylene  is  measured  with  a  water  gasometer  as 

described  in  Org.  Synth.,  Collect.  Vol.  1  1941,  230,  with  two  modifications: 
(a)  Two  traps  immersed  in  an  acetone-dry  ice  bath  at  -65°C  are  placed  between 
the  acetylene  tank  and  the  gasometer  in  order  to  remove  acetone.  (b)  The 

washing  bottles  between  the  gasometer  and  the  reaction  flask  are  replaced  by  a 
drying  tube  (2  x  30-cm  column  packed  with  anhydrous  CaCl 2 ) • 

The  apparatus  must  be  flushed  with  acetylene  in  order  to  remove  all 

traces  of  oxygen.  Acetylene  dissolved  in  acetone  is  most  appropriate. 
Acetylene  obtained  from  tanks  which  contain  solvents  such  as  dimethyl formamide 
(or  other  solvents)  gave  lower  yields  of  carbocuprati on . 
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7.  If  a  precipitate  appears  in  the  filtrate,  filtration  is  repeated 
until  two  layers  can  be  clearly  distinguished. 

8.  A  mixture  of  10  mL  of  saturated  sodium  bisulfite  and  50  mL  of  water 
is  used.  One  or  more  washings  with  sodium  bisulfite  solution  are  necessary  if 
iodine  is  present. 

9.  The  sample  thus  obtained  is  >99%  pure  by  GC  analysis  (3%  OV  101  in  a 
2-m  x  4-mm  glass  column,  on  Chromosorb  G,  with  an  injection  temperature  of 
175°C,  raised  100°C  in  5  min,  then  5°C/min). 

10.  The  NMR  spectrum  of  Z-l-iodohexene  (in  CCl^)  is  as  follows:  <5: 
6.12  (m,  2  H),  2.12  (m,  2  H,  -CH2-C“) ,  1.42  (m,  4  H,  -CH2-),  0.94  (m,  3  H). 

3.  Discussion 

1-Iodoal kenes  of  the  Z  configuration  are  usually  prepared  by 
hydroboration  of  1-iodoal kynes.  The  present  method  affords  a  product  of 
higher  configurational  purity  and  constitutes  an  easier  way  to  obtain  such 
compounds  in  high  yield,  starting  from  less  expensive  reagents.  In  addition, 
the  reaction  can  be  performed  easily  on  a  larger  scale  (the  submitters  have 
prepared  up  to  1.8  mol  of  dialkenyl  cuprate).  The  Z-l-iodo-l-al kenes  shown  in 
Table  I  have  been  prepared  by  the  submitters. 
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TABLE  I 


EXAMPLES  OF  ALKENYL  IODIDE  PREPARATION  FROM  CARBO-CUPRATION 


Entry 

Organol ithium 

Product3 

Yiel d (%) 

1. 

EtLi 

EtCH=CHI 

72 

2. 

n_c5HllLi 

(n-C5Hn)CH=CHI 

89 

3. 

n_C7H15Ll 

(n-CyH15)CH=CHI 

90 

4. 

EtCH=CHCH2CH2Li 

EtCH=CHCH2CH2CH=CHI 

79 

5. 

R0(CH2)3Lib 

ho(ch2)3ch=chic 

58 

6. 

R0(CH2)8Lib 

ho(ch2)8ch=chic 

70 

aA  1 1  alkenes,  reactants  and  products,  are  Z.  bR=CHMeOEt.  cAfter  acid 
hydrolysis. 


This  reaction  illustrates  a  stereoselective  preparation  of  (Z)-vinylic 
cuprates, which  are  very  useful  synthetic  intermediates.  They  react  with  a 
variety  of  electrophiles  such  as  carbon  dioxide,6’6  epoxides,6,6  aldehydes,6 
allylic  halides,7  alkyl  halides,7  and  acetylenic  halides;7  they  undergo 
conjugate  addition  to  a,g-unsaturated  esters,  ’  ketones,  aldehydes,  and 
sulfones.8  Finally  they  add  smoothly  to  activated  triple  bonds6  such  as  HC=C- 
OEt ,  HCnC-SEt,  HCeC-CH (OEt )2 .  In  most  cases  these  cuprates  transfer  both 
alkenyl  groups.  The  uses  and  applications  of  the  carbocupration  reaction  have 
been  reviewed  recently.9  The  configurational  purity  in  the  final  product  is 
at  least  99.9%  Z  in  the  above  transformations. 
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Appendix 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 

Acetylene  (8);  Ethyne  (9);  (74-86-2) 

Iodine  (8,9);  (7553-56-2) 

Butyl  1 i thium:  Lithium,  butyl-  (8,9);  (109-72-8) 

Z-l-Iodohexene:  1-Hexene,  1-iodo-,  (Z)-  (16538-47-9) 

Copper  iodide  (8,9);  (7681-65-4) 
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A  GENERAL  SYNTHETIC  METHOD  FOR  THE  PREPARATION  OF  METHYL  KETONES 
FROM  TERMINAL  OLEFINS:  2-DECANONE 


nC8Hl7  CH  =CH2 


Pd  Cl  2 

• - 

C  u  C I  ,0  2 


o 

II 

nC8H  l7  CCH  3 


Submitted  by  Jiro  Tsuji,  Hideo  Nagashima,  and  Hisao  Nemoto1. 
Checked  by  Edwin  Vedejs,  J.  Gegner,  and  T.  K.  Mailman. 


1 .  Procedure 


A  100-mL,  3-necked,  round-bottomed  flask  is  fitted  with  a  magnetic 
stirrer  and  a  pressure-equalizing  dropping  funnel  containing  1-decene  (4.2  g, 
30  mmol).  The  flask  is  charged  with  a  mixture  of  palladium  chloride  (0.53  g, 
3  nmol),  cuprous  chloride  (2.97  g,  30  nmol)  (Note  1)  and  aqueous  dimethyl- 
formamide  (DMF:  H2O  =  7:1,  24  mL).  With  the  other  outlets  securely  stoppered 
and  wired  down,  an  oxygen-filled  balloon  (Note  2)  is  placed  over  one  neck,  and 
the  flask  is  stirred  at  room  temperature  to  allow  oxygen  uptake  (Note  3). 
After  1  hr,  1-decene  (4.2  g,  30  nmol)  (Note  4)  is  added  over  10  min  (Note  5) 
using  the  dropping  funnel,  and  the  solution  is  stirred  vigorously  at  room 
temperature  under  an  oxygen  balloon  (Note  6).  The  color  of  the  solution  turns 
from  green  to  black  within  15  min  and  returns  gradually  to  green.  After  24 
hr,  the  mixture  is  poured  into  cold  3N  hydrochloric  acid  (100  mL)  and 
extracted  with  five  50-mL  portions  of  ether.  The  extracts  are  combined  and 
washed  successively  with  50  mL  of  saturated  sodium  bicarbonate  solution,  50  mL 
of  brine,  and  then  dried  over  anhydrous  magnesium  sulfate.  After  filtration. 
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the  solvent  is  removed  by  evaporation  and  the  residue  is  distilled  using  a  15- 
cm  Vigreux  column  to  give  2-decanone  as  a  colorless  oil  (3. 0-3. 4  g,  65-73%,  bp 
43-50°C/l  mm  (Notes  7,  8). 


2 .  Motes 

1.  Cupric  chloride  can  be  used,  but  it  tends  to  chlorinate  the  products 
and  cuprous  chloride  is  preferable;  reagent  grade  dimethyl formainide  (DMF)  was 
distilled  before  use. 

2.  The  balloon  was  bought  at  a  toy  shop;  inflated  volume  was 
approximately  500  mL. 

3.  The  initial  black  solution  gradually  turns  green  by  oxygen 
absorpti on. 

4.  The  sample  of  1-decene  was  obtained  from  the  Aldrich  Chemical  Company 
and  distilled  before  use. 

5.  In  cases  where  the  alkene  is  soluble,  up  to  30%  of  the  aqueous  DMF 
can  be  mixed  with  the  alkene  to  facilitate  controlled  addition.  With  1- 
decene,  DMF  forms  a  two-phase  mixture. 

6.  The  reaction  is  slightly  exothermic. 

7.  The  first  fraction  (bp  30-40°C)  contains  decenes  which  are  formed  by 
palladium-catalyzed  isomerization  of  1-decene  (indicated  by  a  broad  signal  at 
6  5. 2-5. 5  in  the  NMR  spectrum). 

8.  The  spectral  properties  of  2-decanone  are  as  follows:  NMR  ( CC1 4 ) 

6:  2.37  (2  H,  t,  J  =  7),  2.02  (3  H,  s),  0.7-1. 8  (15  H,  complex);  IR  (neat) 
1722  cm"1. 
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3.  Discussion 


Methyl  ketones  are  important  intermediates  for  the  synthesis  of  methyl 

alkyl  carbinols,  annul  ati on  reagents,  and  cyclic  compounds.  A  common 

synthetic  method  for  the  preparation  of  methyl  ketones  is  the  alkylation  of 

acetone  derivatives,  but  the  method  suffers  limitations  such  as  low  yields  and 

lack  of  regioselecti vity.  Preparation  of  methyl  ketones  from  olefins  and 

acetylenes  using  mercury  compounds  is  a  better  method.  For  example,  hydration 

of  terminal  acetylenes  using  HgSO^  gives  methyl  ketones  cleanly. 

Oxymercurati on  of  1-olefins  and  subsequent  oxidation  with  chromic  oxide  is 
3 

another  method.  Preparation  of  an  epoxide  from  a  1-olefin  and  its 
rearrangement  catalyzed  by  a  cobalt  catalyst  to  give  methyl  ketones  has  been 
reported  briefly.^ 

Compared  with  these  methods,  the  palladium-catalyzed  oxidation  of  1- 
olefins  described  here  is  more  convenient  and  practical.  The  industrial 
method  of  ethylene  oxidation  to  acetaldehyde  using  PdCl 2~CuC 1 is  the 

5 

original  reaction  of  this  type.  The  oxidation  of  various  olefins  has  been 
carried  out.^’^’0 

Use  of  DMF  as  a  solvent  for  the  oxidation  of  1-olefins  has  been  reported 

fZ 

by  Clement  and  Selwitz.  The  method  requires  only  a  catalytic  amount  of  PdCl  ^ 
and  gives  satisfactory  yields  under  mild  conditions.  A  small  amount  of  olefin 
migration  product  is  the  only  noticeable  contaminant  in  the  cases  reported. 
The  procedure  can  be  applied  satisfactorily  to  various  1-olefins  with  other 
functional  groups.  This  useful  synthetic  method  for  the  preparation  of  methyl 
ketones  has  been  applied  extensively  in  the  syntheses  of  natural  products  such 
as  steroids,10  macrol i des  , 11 ’ ^  dihydrojasmone , 10  and  muscone.14  A  compre¬ 
hensive  review  article  on  the  palladium-catalyzed  oxidation  of  olefins  has 
been  published.1^ 

1  l 
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Appendi x 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number) 

(Registry  Number) 


1- Decene  (8,9);  (872-05-9) 

2- Decanone  (8,9);  (693-54-9) 

Palladium  chloride  (8,9);  (7647-10-1) 

Cuprous  chloride:  Copper  chloride  (8,9);  (7758-89-6) 
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(3-ALKYL- a,(3 -UNSATURATED  ESTERS  FROM  ENOL  PHOSPHATES  OF 
p-KETO  ESTERS:  METHYL  2-ICTHYL-l-CYCLOHEXENE-l-CARBOXYLATE 
(1-Cyclohexene-l-carboxylic  acid,  2 -me thy 1 ,  methyl  ester) 


Submitted  by  Margot  Alderdice,  F.  W.  Sum,  and  Larry  Weiler^. 

Checked  by  Stephen  P.  Ashburn,  Clark  H.  Cummins,  and  Robert  M.  Coates. 

1.  Procedure 

A.  Methyl  2-oxocyclohexanecarboxylate.  A  500-mL,  three- necked,  round- 
bottomed  flask  is  equipped  with  a  mechanical  stirrer,  reflux  condenser,  and  a 
pressure-equal izing  dropping  funnel  bearing  a  nitrogen  inlet  (Note  1).  The 
flask  is  flushed  with  nitrogen  and  charged  with  18.02  g  (0.20  mol)  of  dimethyl 
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carbonate,  50  mL  of  anhydrous  tetrahydrofuran ,  and  6.12  g  (0.25  mol)  of  sodium 
hydride  (Note  2).  The  suspension  is  stirred  and  heated  to  reflux  temperature 
at  which  time  the  slow,  dropwi se  addition  of  7.80  g  (0.080  mol)  of 
cyclohexanone  in  20  mL  of  dry  tetrahydrofuran  is  begun.  After  2  min,  0.306  g 
(0.0076  mol)  of  powdered  potassium  hydride  ( Caution !  Dry  potassium  hydride  is 
pyrophoric .)  (Note  3)  is  added  to  initiate  the  reaction.  The  addition  of 
cyclohexanone  is  continued  over  a  period  of  1  hr.  The  mixture  is  stirred  and 
heated  at  reflux  for  another  30  min,  cooled  in  an  ice  bath  for  15-20  min,  and 
hydrolyzed  by  slowly  adding  75  mL  of  3  M  aqueous  acetic  acid.  The  contents  of 
the  flask  are  poured  into  100  mL  of  aqueous  sodium  chloride,  and  the  aqueous 
mixture  is  extracted  with  four  150-mL  portions  of  chloroform.  The  organic 
layers  are  combined,  dried  with  anhydrous  sodium  sulfate,  and  concentrated  at 
room  temperature  with  a  rotary  evaporator.  Distillation  of  the  residual 
liquid  under  reduced  pressure  gives  9.8-10.8  g  (79-87%)  of  methyl  2- 
oxocycl ohexanecarboxyl ate  as  a  colorless  liquid,  bp  53-55°C  (0.35  mm)  (Note 
4). 

B.  Methyl  2- ( diethy Ipho sphoryloxy )-l- cyclohexene-1 -carboxy late.  A  250- 
mL,  two-necked,  round-bottomed  flask  is  equipped  with  a  magnetic  stirring  bar, 
a  rubber  septum,  and  a  gas  inlet  tube  connected  to  a  nitrogen  source  and  a 
mineral  oil  bubbler  (Note  1).  The  flask  is  flushed  with  nitrogen  and  charged 
with  1.58  g  (0.0329  mol)  of  a  50%  dispersion  of  sodium  hydride  in  mineral  oil 
(Note  5).  The  sodium  hydride  is  freed  from  the  mineral  oil  by  washing  with 
four  40-mL  portions  of  anhydrous  diethyl  ether  (Note  6)  and  withdrawing  the 
supernatant  solvent  with  a  syringe,  after  which  120  mL  of  anhydrous  ether  is 
added.  The  mixture  is  stirred  and  cooled  in  an  ice  bath  as  4.68  g  (0.0300 
mol)  of  methyl  2-oxocycl ohexanecarboxyl ate  (Note  7)  in  10  mL  of  ether  is  added 
at  a  moderately  rapid  rate  such  that  vigorous  but  controlled  evolution  of 
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hydrogen  occurs  (Note  8).  The  resulting  creamy  suspension  is  stirred  at  0°C 
for  another  30  min  after  which  4.5  mL  (5.37  g,  0.031  mol)  of  diethyl 
chi orophosphate  (Note  9)  is  injected  through  the  septum  with  a  syringe.  The 
ice  bath  is  removed,  the  mixture  is  stirred  at  room  temperature  for  an 
additional  3  hr,  and  0.6  g  of  solid  ammonium  chloride  is  added.  Stirring  is 
continued  for  30  min,  and  the  salts  are  then  separated  by  suction  filtration 
through  a  medium  porosity  fritted  glass  funnel.  Concentration  of  the  filtrate 
under  reduced  pressure  affords  8.18-8.63  g  of  the  enol  phosphate  which  is  used 
in  Part  C  without  purification  (Note  10). 

C.  Methyl  2-methyl-l-cyclohexene-l-carboxylate.  A  250-mL,  three-necked, 
round-bottomed  flask  is  equipped  with  a  magnetic  stirring  bar,  a  rubber 
septum,  a  pressure-equalizing  addition  funnel,  and  an  inlet  tube  connected  to 
a  nitrogen  source  and  a  mineral  oil  bubbler  (Note  1).  The  flask  is  charged 
with  8.03  g  (0.042  mol)  of  copper(I)  iodide  (Note  11)  and  50  mL  of  dry  diethyl 
ether  (Note  6),  flushed  with  nitrogen,  and  cooled  in  an  ice  bath.  The  mixture 
is  stirred  and  cooled  as  92.7  mL  (0.084  mol)  of  1.1  M  methyll ithium  in  diethyl 
ether  (Note  12)  is  added  quickly  through  the  septum  by  means  of  a  syringe. 
The  resulting  clear  and  colorless,  or  light  tan,  solution  of  lithium 
dimethyl  cuprate  is  then  cooled  in  a  carbon  tetrachloride-dry  ice  slush  bath 
maintained  at  -23°C  (Note  13).  A  solution  of  8.18-8.63  g  (ca.  0.028-0.030 
mol)  of  the  enol  phosphate  in  35  mL  of  dry  ether  is  added  from  the  addition 
funnel  over  5-10  min.  Stirring  and  cooling  are  continued  for  3  hr  after  which 
the  dark  purple  solution  is  poured  into  a  1-L  Erlenmeyer  flask  containing  75 
mL  of  ice-cold  5%  hydrochloric  acid  saturated  with  sodium  chloride  (Note 
14).  The  mixture  is  stirred,  or  shaken  vigorously,  and  cooled  in  an  ice  bath 
for  5-10  min  to  complete  the  hydrolysis.  A  150-mL  portion  of  15%  aqueous 
ammonia  is  added  to  the  gray  suspension  and  the  mixture  is  swirled  vigorously 
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for  a  few  min  until  the  organic  layer  becomes  clear  and  the  aqueous  layer 
turns  bright  blue.  The  mixture  is  transferred  to  a  separatory  funnel,  the 
aqueous  layer  is  withdrawn,  and  the  organic  phase  is  washed  with  50  mL  of  15% 
aqueous  ammonia.  The  aqueous  layers  are  combined  and  extracted  with  one  100- 
mL  portion  of  ether.  The  combined  ethereal  layers  are  washed  with  two  50-mL 
portions  of  saturated  sodium  chloride,  dried  with  anhydrous  magnesium  sulfate, 
and  concentrated  by  rotary  evaporation.  Distillation  of  the  remaining  4.25- 
5.47  g  of  liquid  in  a  short-path  distillation  apparatus  affords  3.99-4.17  g 
(86-90%  based  on  g-keto  ester)  of  methyl  2-methyl-l-cyclohexene-l-carboxylate, 
bp  96-97°C  (27  mm)  (Notes  15,  16,  and  17). 

2.  Notes 

1.  The  glassware  was  dried  in  an  oven  at  125°C  and  assembled  while  warm. 

2.  Dimethyl  carbonate  is  available  from  Aldrich  Chemical  Company,  Inc. 

The  checkers  dried  the  tetrahydrofuran  immediately  before  use  by  distillation 
from  the  sodium  ketyl  of  benzophenone  under  a  nitrogen  atmosphere.  The 
submitters  purchased  sodium  hydride  (50%  oil  dispersion)  from  Alfa  Products, 
Morton/Thiokol ,  Inc.  The  checkers  used  12.24  g  of  a  50%  dispersion  of  sodium 
hydride  in  mineral  oil  obtained  from  the  same  supplier.  The  dispersion  was 
washed  with  three  portions  of  pentane  to  remove  the  mineral  oil  and  the 

remaining  sodium  hydride  was  allowed  to  dry  under  nitrogen. 

3.  The  submitters  used  a  35%  dispersion  of  potassium  hydride  in  mineral 

oil  supplied  by  Alfa  Products,  Morton/Thiokol,  Inc.;  the  mineral  oil  was 

separated  by  washing  the  dispersion  with  five  portions  of  dry  hexane.  The 

checkers  used  a  25%  dispersion  of  potassium  hydride  in  mineral  oil  obtained 

from  the  same  source  but  without  removing  the  mineral  oil.  The  oil  remained 
in  the  distillation  pot  when  the  product  was  distilled. 
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4.  A  boiling  point  of  68°C  (0.8  mm)  and  a  melting  point  of  25°C  have 

been  reported  for  methyl  2-oxocycl ohexanecarboxyl ate.  The  spectral 
properties  of  the  product  are  as  follows:  IR  (liquid  film)  cm-^:  1745,  1715, 

1615;  lH  NMR  ( CDC1 3)  6:  1.62  (m,  4  H,  two  CH2),  2.22  (m,  4  H,  two  CH2),  3.37 

(t,  0.25  H,  J  =  7  Hz,  CH  at  C-2  in  keto  form),  3.74  (s,  3  H,  CH3),  12.10  (s, 
0.75  H,  enol  OH). 

5.  The  sodium  hydride-mineral  oil  dispersion  was  purchased  from  Alfa 
Products,  Morton/Thiokol ,  Inc. 

6.  Diethyl  ether  was  dried  by  the  submitters  by  refluxing  over  lithium 
aluminum  hydride  and  was  distilled  immediately  before  use.  The  checkers 
distilled  diethyl  ether  from  the  sodium  ketyl  of  benzophenone  before  use. 

7.  A  mixture  of  methyl  and  ethyl  2-oxocycl ohexanecarboxyl ate,  available 
from  Aldrich  Chemical  Company,  Inc.,  may  also  be  used.  The  product  obtained 
is  a  mixture  of  methyl  and  ethyl  2-methyl  cyclohexene- 1-carboxyl ates. 

8.  No  gas  evolution  was  observed  by  the  checkers  in  some  runs  in  which 
an  older  lot  of  sodium  hydride  was  used.  In  this  case,  the  cooling  bath  was 
removed  and  the  mixture  was  allowed  to  stir  at  room  temperature  until  the 
bubbling  ceased. 

9.  Diethyl  chlorophosphate ,  supplied  by  Aldrich  Chemical  Company,  Inc., 
was  used  by  the  submitters  without  purification  and  was  handled  in  a  glove  bag 
under  an  atmosphere  of  dry  nitrogen  in  a  well -ventilated  hood.  The  reagent 
was  distilled  and  stored  under  nitrogen  by  the  checkers.  Aliquots  were 
withdrawn  with  a  syringe  as  needed. 

10.  The  spectral  properties  of  the  enol  phosphate  are  as  follows:  IR 

( CHC1 3)  cm-1:  1715,  1660,  1290,  1030;  90  MHz  lH  NMR  (CDCI3)  <5:  1.3-1. 9  (m,  4 

H,  CH2CH2),  1.35  (t,  6  H,  J  =  7  Hz,  0CH2CH3) ,  2.3  (m,  4  H,  allylic  CH2),  3.68 
(s,  3  H,  0CH3),  4.15  (quintet,  4  H,  J  =  7  Hz,  0CH2CH3 ) . 
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11.  Copper ( I )  iodide,  supplied  by  either  MC  and  B  Manufacturing  Chemists 
or  Fisher  Scientific  Company,  was  purified  by  recrystallization  from  water 
saturated  with  potassium  iodide. ^ ,4  The  wet  powder  was  washed  successively 
with  ethanol,  acetone,  and  ether,  and  dried  by  heating  overnight  at  100°C  in 
an  evacuated  drying  pistol  containing  phosphorus  pentoxide.43’^  The 
submitters  advise  that  the  compound  should  not  be  dried  by  heating  in  air.^ 
When  oven-dried  copper(I)  iodide  was  used  in  this  procedure,  the  yield  of 
product  was  somewhat  lower  (77-88%)  and  as  much  as  10-20%  of  1-acetyl -2- 
methyl cyclohexene  was  formed.  It  is  probable  that  the  presence  of  small 
amounts  of  copper(II)  impurities  is  responsible  for  the  increased  proportion 
of  this  by-product. 4t) Purified  copper(I)  iodide  may  be  stored  under 
nitrogen  without  change  for  several  months.43 

12.  Ethereal  methyl  1 ithi urn  (as  the  lithium  bromide  complex)  was  obtained 
by  the  submitters  from  Aldrich  Chemical  Company  Inc.  The  checkers  used  1.19  M 
methyl  1 ithi um-1 i thi urn  bromide  complex  in  ether  supplied  by  Alfa  Products, 
Morton/Thiokol ,  Inc.  The  concentration  of  the  methyl  1 i thium  was  determined  by 
titration  with  1.0  M  tert-butyl  alcohol  in  benzene  using  1 ,10-phenanthrol i ne 
as  indicator. ^  The  submitters  report  that  ethereal  methyl  1 i thium  of  low 
halide  content  purchased  from  Alfa  Products,  Morton/Thiokol,  Inc.,  gave 
similar  results. 

13.  The  coupling  reaction  between  lithium  dimethyl  cuprate  and  acyclic 
enol  phosphates  must  be  carried  out  between  -47  and  -98°C  for  stereoselective 
formation  of  (3-methyl- a,  g-unsaturated  esters. 

14.  The  submitters  have  found  that  the  reaction  may  also  be  hydrolyzed 
with  a  solution  of  60  mL  of  saturated  ammonium  chloride  and  15  mL  of  concen¬ 
trated  aqueous  ammonia.  The  ethereal  layer  is  then  washed  with  15%  aqueous 
ammonia  until  the  aqueous  layer  is  no  longer  blue. 
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When  lithium  di-n-butylcuprate  is  used,  the  yields  are  often  improved  by 
adding  1-bromobutane  to  the  reaction  mixture  before  hydrolysis  with  aqueous 
ammonium  chloride. 

15.  The  product  exhibits  the  following  spectral  properties:  IR  (CHCI3) 
1720,  1640,  1080  cm-1;  lH  NMR  ( CDC1 3)  6:  1.3-1. 7  (m,  4  H,  CH2CH2),  1.8-2. 4  (m, 
4  H,  allylic  CH2),  1.97  (s,  3  H,  CH3) ,  3.69  (s,  3  H,  OCH3);  MS  (70  eV)  m/e 
(assignment,  rel  intensity):  154  (M+,  50%),  95  ( -C02CH3 ,  100%). 

16.  The  purity  of  the  product  was  determined  by  the  checkers  by  GLC 
analysis  using  the  following  column  and  conditions:  3-mm  by  1.8-m  column,  5% 
free  fatty  acid  phase  (FFAP)  on  acid-washed  chroinosorb  W  (60-80  mesh)  treated 
with  dimethyldichlorosilane,  90°C  (1  min)  then  90°  to  200°C  (15°C  per  min). 
The  chromatogram  showed  a  major  peak  for  methyl  2-methyl -1-cycl ohexene-1- 
carboxylate  preceded  by  two  minor  peaks  for  methyl  1-cycl ohexene-l-carboxyl ate 
and  l-acetyl-2-methylcyclohexene.  The  areas  of  the  two  impurity  peaks  were  5- 
6%  and  0.5-2%  that  of  the  major  peak.  The  purity  of  the  product  seems  to 
depend  upon  careful  temperature  control  during  the  reaction.  The  total  amount 
of  the  two  impurities  was  14-21%  in  runs  conducted  at  about  -15  to  -20°C  or  at 
temperatures  below  -23°C. 

17.  The  submitters  purified  the  product  by  distillation  in  a  Kugelrohr 
apparatus  with  an  oven  temperature  of  85-88°C  (20  mm)  and  obtained  3.80-3.85  g 
(88-89%).  The  purity  of  the  product  was  93-96%  according  to  GLC  analysis. 
The  major  impurity  (2-6%)  was  1-acetyl -2-inethyl cyclohexene. 

The  product  may  also  be  purified  by  flash  chromatography®  using  19/1 
(v/v)  petroleum  ether,  (bp  30-60°C)/ethyl  acetate  as  eluant.  A  column  of  2-cm 
diameter  was  packed  to  a  height  of  25  cm  with  Kieselgel  60  (230-400  mesh) 
supplied  by  BDH  Chemicals  Ltd.  In  one  run  chromatography  of  4.19  g  of  crude 
product  afforded  3.70  g  (88%)  of  the  a,|3-unsaturated  ester  which  was 
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completely  free  of  the  more  polar  by-product,  l-acetyl-2-methylcyclohexene. 
However,  the  checkers  found  that  the  other  by-product,  methyl  1-cycl ohexene-1- 
carboxylate,  is  not  readily  separated  by  flash  chromatography. 

3.  Discussion 

This  procedure  illustrates  a  new  method  for  the  preparation  of  g-alkyl- 
a,g-unsaturated  esters  by  coupling  lithium  dial  kyl cuprates  with  enol 
phosphates  of  g-keto  esters.9  The  procedure  for  the  preparation  of  methyl  2- 
oxocyclohexanecarboxylate  described  in  Part  A  is  based  on  one  reported  by 
Ruest,  Blouin,  and  Desl ongchamps.2  Methyl  2-methyl -1-cycl ohexene-1- 
carboxylate  has  been  prepared  by  esterification  of  the  corresponding  acid  with 
di azomethane10  and  by  reaction  of  methyl  2-chl oro-l-cycl ohexene-l-carboxyl ate 
with  lithium  dimethylcuprate .11 

The  formation  of  g-al kyl -a,g-unsaturated  esters  by  reaction  of  lithium 
dial  kyl  cuprates  or  Grignard  reagents  in  the  presence  of  copper! I)  iodide,  with 
g-phenylthio- ,12 ,10  g-acetoxy- j1^  g-chloro-,11 and  g-phosphory1oxy-a,g- 
unsaturated  esters9  has  been  reported.  The  principal  advantage  of  the  enol 
phosphate  method  is  the  ease  and  efficiency  with  which  these  compounds  may  be 
prepared  from  g-keto  esters.  A  wide  variety  of  cyclic  and  acyclic  g-alkyl- 
a,g-unsaturated  esters  has  been  synthesized  from  the  corresponding  g-keto 
esters.9  However,  the  method  is  limited  to  primary  dial kylcuprates.  Acyclic 
g-keto  esters  afford  (Z)-enol  phosphates  which  undergo  stereoselective 
substitution  with  lithium  dial kylcuprates  with  predominant  retention  of 
stereochemistry  (usually  >  85-98%).  It  is  essential  that  the  cuprate  coupling 
reaction  of  the  acyclic  enol  phosphates  be  carried  out  at  lower  temperatures 
(-47  to  -98°C)  to  achieve  high  stereoselectivity.  When  combined  with  the  y  - 
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alkylation  of  methyl  acetoacetate  dianion,*7  this  method  provides  a  facile 
means  of  isoprenoid  chain  extension.1^*  The  procedures  have  been  employed  to 
advantage  in  syntheses  of  ( E,E)-10-hydroxy-3 ,7-dimethyldeca-2 ,6-dienoic 
acid,*®3  latia  luciferin^  and  mokupal  ide.^c  (3-Diketones  may  be  converted 
to  £3-alkyl-a,g-unsaturated  ketones  in  a  similar  manner. ^ 
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Appendi x 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 

Methyl  2-methyl -1-cycl ohexene-l-carboxyl ate:  1-Cycl ohexene-l-carboxyl ic  acid, 
2-methyl-,  methyl  ester  (9);  (25662-38-3) 

Dimethyl  carbonate:  Carbonic  acid,  dimethyl  ester  (8,9);  (616-38-6) 

Methyl  2-oxocycl ohexanecarboxyl ate :  Cyclohexanecarboxylic  acid,  2-oxo-, 
methyl  ester  (9);  (41302-34-5) 

Diethyl  chi orophosphate :  Phosphorochl ori die  acid,  diethyl  ester  (8,9); 
(814-49-3) 

Methyl  2- ( diethyl phosphoryloxy) -1-cycl ohexene-l-carboxyl ate :  1-Cycl ohexene-1- 
carboxylic  acid,  2-[(diethoxyphosphinyl )oxy]-,  methyl  ester  (10);  (71712-64-6) 
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THE  C-ARYLATION  OF  g-DICARBONYL  COMPOUNDS;  ETHYL 
l-( p-METHOXYPHENYL)-2-OXOCYCLOHEXANECARBOXYLATE 


A. 


B. 


a.  Pb  ( OAc) . 


b.  AcOH 


OMe 


Submitted  by  Robert  P.  Kozyrod  and  John  T.  Pinhey'*'. 

Checked  by  M.  F.  Semmelhack  and  David  Ziering. 

1 .  Procedure 

A.  p-Methoxyphenyllead  triacetate.  A  1-L  Erlenmeyer  flask,  equipped 
with  a  magnetic  stirring  bar,  is  charged  with  50  g  (0.11  mol)  of  lead  tetra¬ 
acetate  (Note  1),  chloroform  (200  mL),  and  140  g  (1.09  mol)  of  dichl oroacetic 
acid  (Note  2).  To  this  solution  is  added  16  g  (0.15  mol)  of  anisole  (Note  3), 
and  the  mixture  is  stirred  at  25°C  until  lead  tetraacetate  can  no  longer  be 
detected  (Note  4).  The  reaction  mixture  is  washed  with  water  (2  x  250  mL)  and 
the  chloroform  solution  is  treated  with  1.5  L  of  hexane  (Note  5).  The  yellow 
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precipitate  (44  g)  is  collected  by  suction  filtration  and  stirred  with  a 
mixture  of  glacial  acetic  acid  (250  mL)  and  chloroform  (200  mL)  for  1  hr. 

The  chloroform  solution  is  washed  with  water  (2  x  250  mL)  and  stirred 
with  glacial  acetic  acid  (250  mL)  for  1  hr  (Note  6).  The  solution  that 
results  is  washed  with  water  (2  x  250  mL),  and  the  chloroform  phase  is  treated 
with  1.5  L  of  hexane  and  kept  at  2°C  for  48  hr.  The  material  which  precip¬ 
itates  is  collected  and  dried  at  0.1  mm  in  a  desiccator  (calcium  chloride)  for 
5  hr  to  give  p-methoxyphenyl 1 ead  triacetate  (20-22  g,  35-40%)  as  pale  yellow 
crystals,  mp  138-139°C  (Note  7).  The  product  may  be  kept  for  at  least  3  weeks 
if  stored  at  2°C  in  a  sealed  container. 

B.  Ethyl  1- (p-methoxyphenyl) -2-oxoayolohexanecavboxylate .  A  250  mL, 
one-necked,  round-bottomed  flask,  equipped  with  a  magnetic  stirring  bar,  is 
charged  with  22.2  g  (45  mmol)  of  p-methoxyphenyl  1  ead  triacetate,  10.8  g  (135 
mmol)  of  pyridine  (Note  8),  and  70  mL  of  chloroform  (Note  9).  To  this  solu¬ 
tion  is  added  7.0  g  (41  mmol)  of  ethyl  2-oxocyclohexanecarboxylate  (Note  10), 
a  calcium  chloride  drying  tube  is  put  in  place,  and  the  mixture  is  stirred  at 
40°C  (Note  11). 

After  24  hr,  the  reaction  mixture  is  diluted  with  chloroform  (80  mL),  and 
washed  with  water  (150  mL)  and  3  M  sulfuric  acid  (2  x  150  mL).  The  water  and 
sulfuric  acid  washings  are  each  washed  (Note  12)  with  100  mL  of  chloroform. 
The  combined  chloroform  extracts  are  washed  with  water  (2  x  250  mL),  dried 
with  magnesium  sulfate,  and  the  solvent  removed  to  give  an  orange-colored  oil 
(10.3  g)  which  slowly  crystallizes  on  standing.  Crystallization  from  hexane 
(Note  5)  gives  9.4  g  (82%)  of  ethyl  l-(p-methoxyphenyl )-2-oxocyclohexane- 
carboxylate,  mp  49-50°C. 
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2.  Notes 


1.  Lead  tetraacetate  from  Merck  &  Company,  Inc.  was  used.  Acetic  acid 
was  removed  from  the  reagent  at  0.1  mm  for  24  hr,  in  the  dark,  in  a  desiccator 
containing  potassium  hydroxide  pellets. 

2.  Diehl oroacetic  acid  from  Merck  &  Company,  Inc.  was  used  without 
further  purification. 

3.  Anisole  from  FI uka  AG  was  distilled  before  use. 

4.  A  few  drops  of  reaction  mixture  were  shaken  with  water.  A  brown 
precipitate  of  Pb02  indicates  the  presence  of  unreacted  lead  tetraacetate. 
For  the  quantities  given,  a  reaction  time  of  1  hr  at  15-20°C  is  adequate. 

5.  Hexanes,  bp  60-59°C,  certified  by  Fisher  Scientific  Company  were 

used. 

6.  A  second  metathesis  with  glacial  acetic  acid  is  carried  out  to  ensure 
complete  conversion  of  the  oligomer  into  the  product. 

7.  It  has  been  found  that  the  yield  of  product  is  generally  higher  when 
the  reaction  is  performed  on  a  smaller  scale.  Reactions  carried  out  on 
approximately  one  third  of  the  above  scale  have  given  yields  of  approximately 
60  %. 

8.  Pyridine  from  Merck  &  Company,  Inc.  was  distilled  and  stored  over 
potassium  hydroxide  pellets. 

9.  Chloroform  was  dried  over  calcium  chloride  and  distilled  prior  to 

use. 

10.  The  ethyl  2-oxocyclohexanecarboxyl ate  used  was  Fluka  AG  practical 
grade,  and  was  distilled  (bp  105-108°C/12  mm)  before  use. 
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11.  The  submitters  report  that  after  approximately  1  hr  some  1 ead (II) 
acetate  is  deposited  as  an  orange-red  gum  which  may  temporarily  restrict  the 
motion  of  the  stirring  bar;  this  was  not  observed  by  the  checkers.  The 
material  generally  crystallizes  after  a  short  period  as  a  white  solid. 

12.  These  washings  are  extracted  separately  in  order  to  minimize  forma¬ 
tion  of  solid  1 ead ( II)  sulfate. 


3.  Discussion 

.The  procedure  described  here  serves  to  illustrate  a  new,  general  method 
for  effecting  the  «-arylation  of  g-dicarbonyl  compounds  by  means  of  an 
aryllead  triacetate  under  very  mild  conditions.  Although  the  first  synthesis 
of  an  aryllead  triacetate  was  reported  relatively  recently,  a  wide  range  of 

O 

these  compounds  can  now  be  readily  prepared.  The  most  direct  route  to  these 
compounds  is  plumbation  of  an  aromatic  compound  with  lead  tetraacetate,  and  in 
the  procedure  reported  here  p-methoxyphenyl 1 ead  triacetate  has  been  prepared 
in  this  way.  It  may  also  be  obtained  by  reaction  of  the  diarylmercury  with 
lead  tetraacetate,2  a  longer,  but  more  general  method  of  synthesis  of  aryllead 
tri acetates . 

The  first  synthesis  of  p-methoxyphenyl  1  ead  triacetate  by  direct  plum¬ 
bation  was  reported  by  Harvey  and  Norman,4  who  obtained  the  compound  in  24% 
yield  by  heating  anisole  and  lead  tetraacetate  in  acetic  acid  at  80°C  for  4 
days.  Recently  it  has  been  found2  that  a  much  faster  reaction  and  higher 
yield  of  aryllead  compounds  can  be  achieved  by  use  of  a  haloacetic  acid  in 
place  of  acetic  acid,  and  this  has  allowed  the  synthesis  of  a  greater  range  of 
aryllead  tri acetates  by  direct  plumbation.  The  improved  reaction  rate  is 
presumably  due  to  an  increase  in  el  ectrophil  ici ty  of  lead  when  acetate  is 
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exchanged  for  a  more  electron-withdrawing  ligand.  The  choice  of  the  halo- 
acetic  acid  depends  on  the  reactivity  of  the  aromatic  substrate;  thus  while 
dichloroacetic  acid  has  been  found  best  for  the  plumbation  of  anisole,  tri  - 

O 

chloroacetic  acid  is  preferred  in  the  case  of  toluene  and  biphenyl. 

Aryllead  tricarboxylates  have  been  shown  to  be  intermediates  in  two  new 

routes  to  phenols, and  to  have  considerable  potential  as  reagents  for  the 

C-arylation  of  carbon  acids  which  are  more  acidic  than  diethyl  malonate.  A 

7  8 

study  of  their  reactions  with  g-diketones,  g-keto  esters,  and  Meldrum's  acid 

Q 

and  its  derivatives  has  established  that  such  compounds,  which  contain  only 
one  replaceable  hydrogen,  undergo  smooth  arylation  in  high  yield  under  the 
conditions  outlined  in  this  procedure.  Compounds  which  contain  two  replace¬ 
able  hydrogens  are  less  predictable  in  their  behavior.  When  a  1:1  ratio  of 
substrate  to  aryllead  compound  is  used,  dimedone  gave  only  diarylated  product 
in  high  yield,  while  ethyl  acetoacetate  gave  both  mono-  and  di-arylated 
products  in  only  moderate  yield. 

Recently  it  has  been  shown  that  triphenylbismuth  carbonate^  and  penta- 
phenylbismuth^  can  be  used  to  achieve  a  similar  arylation  of  g-dicarbonyl 
compounds.  These  reagents  also  react  under  very  mild  conditions  and  yields 
are  generally  high.  Prior  to  the  introduction  of  the  organolead  and  organo- 
bismuth  reagents,  the  most  promising  procedure  for  arylation  of  g-dicarbonyl 
compounds  involved  reaction  of  the  enolate  anion  with  a  di aryl i odoni urn  salt, 

1  p 

usually  at  80-100°C.  Although  only  a  limited  range  of  substrates  has  been 
examined,  it  would  appear  that  yields  are  only  moderate,  and  in  the  case  of 
dimedone  a  mixture  of  mono-,  di-,  and  O-arylated  products  is  produced.  A 
further  method,  which  has  obvious  limitations,  involves  the  copper-catalyzed 
substitution  of  bromine  in  2-bromobenzoi c  acids  by  the  enolate  anion  of  a  g- 
di carbonyl  compound.^ 
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Appendix 

Chemical  Abstracts  nomenclature  (Collective  Index  Number); 

(Registry  Number) 


p-Methoxyphenyl lead:  Plumbane,  triacetoxy( p-methoxyphenyl )-  (8);  Plumbane, 
tri s( acetyl oxy) (4-methoxyphenyl )-  (9);  (18649-43-9) 

Lead  tetracetate:  Acetic  acid,  lead  (4+)  salt  (8,9);  (546-67-8) 

Anisole  (8);  Benzene,  methoxy-  (9);  (100-66-3) 

Ethyl  2-oxocyclohexanecarboxylate:  Cycl ohexanecarboxyl ic  acid,  2-oxo-, 
ethyl  ester  (8,9);  (1655-07-8) 
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PALLADIUM-CATALYZED  SYNTHESIS  OF  1,4-DIENES  BY 
ALLYLATION  OF  ALKENYLALANES:  a-FARNESENE 
(1 ,3,6,10-Dodecatetraene,  3, 7, 11- trimethyl-) 


A. 


//  —  +  Me3AI 


(i75-C5H5)2ZrCI2 


-m 


Submitted  by  Ei-ichi  Negishi^-  and  Hajime  Matsushita^. 
Checked  by  Pauline  J.  Sanfilippo  and  Andrew  S.  Kende. 


1.  Procedure 


Caution!  Trimethylalane  (Note  1)  is  highly  pyrophoric.  It  must  be  kept 
and  used  under  a  nitrogen  atmosphere. 

A.  (E)-(2-Methyl-l ,3-butadienyl)dimethylalane.  An  oven-dried,  1-L,  two¬ 
necked,  round-bottomed  flask  equipped  with  a  magnetic  stirring  bar,  a  rubber 
septum,  and  an  outlet  connected  to  a  mercury  bubbler  is  charged  with  7.01  g 
(24  mmol)  of  dichl orobis(n^-cycl opentadienyl )zi rconium  (Note  2)  and  flushed 
with  nitrogen.  To  this  are  added  sequentially  at  0°C  100  mL  of  1,2-dichloro- 
ethane  (Note  3),  12.48  g  (120  mmol)  of  a  50%  solution  of  l-buten-3-yne  in 
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xylene  (Note  4),  and  120  mL  (240  nmol)  of  a  2  M  solution  of  trimethyl al ane  in 
toluene  (Note  1).  The  reaction  mixture  is  stirred  for  12  hr  at  room  temper¬ 
ature  and  used  in  the  next  step  without  further  treatment  (Note  5). 

B,  (3E,  6E)-3,7,ll-Tvimethyl~l,3,6}10-dodeaatetraene  (a -favneeene) .  To 
the  solution  of  ( E )  - ( 2-methy 1 - 1 ,3-butadienyl )di  methyl  al  ane  prepared  above  are 
added  17.25  g  (100  mmol)  of  geranyl  chloride  (Note  6)  and  1.15  g  (1  mmol)  of 
tetraki s( triphenylphosphi ne)pal ladium  (Note  7)  dissolved  in  100  mL  of  dry 
tetrahydrofuran  (Note  8),  while  the  reaction  temperature  is  controlled  below 
25-30°C  with  a  water  bath.  After  the  reaction  mixture  is  stirred  for  6  hr  at 
room  temperature,  250  mL  of  3  N  hydrochloric  acid  is  slowly  added  at  0°C.  The 
organic  layer  is  separated  and  the  aqueous  layer  is  extracted  twice  with 
pentane.  The  combined  organic  layer  is  washed  with  water,  saturated  aqueous 
sodium  bicarbonate,  and  water.  After  the  organic  extract  is  dried  over 
anhydrous  magnesium  sulfate,  the  solvent  is  removed  thoroughly  using  a  rotary 
evaporator  (15-20  mm) ,  and  the  crude  product  is  passed  through  a  short  (15-20 
cm)  silica  gel  column  (60-200  mesh)  using  hexane  as  an  eluent  (Note  9).  After 
the  hexane  is  evaporated  using  a  rotary  evaporator,  the  residue  is  distilled 
using  a  12-cm  Vigreux  column  to  give  16.70  g  (83%  based  on  geranyl  chloride) 
of  a-farnesene  as  a  colorless  liquid,  bp  63-65°  (0.05  mm)  (Note  10). 

2 .  Notes 

1.  The  submitters  used  trimethyl al ane  available  in  a  cylinder  from  Ethyl 
Corporation.  Both  neat  tri  methyl  al  ane  and  its  2  M  solution  in  toluene  gave 
comparable  results.  The  toluene  solution  of  trimethyl al ane  is  also  available 
from  Aldrich  Chemical  Company. 
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2-  The  submitters  used  di chi orobi s (n ^-cycl opentadi enyl ) zirconium 
available  from  Aldrich  Chemical  Company.  This  chemical  is  sufficiently  air- 
stable  to  be  handled  in  air. 

3.  The  1 ,2-dichl oroethane  available  from  Aldrich  Chemical  Company  was 
distilled  from  phosphorus  pentoxide  before  use.  Although  less  effective, 
dichl oromethane  may  also  be  used  in  the  carbometallation  step. 

4.  The  submitters  used  a  50%  solution  of  l-buten-3-yne  in  xylene, 
available  from  Chemical  Samples  Company.  For  transferring  this  solution,  the 
following  procedure  may  be  recommended.  An  ampule  containing  the  solution  is 
cooled  with  an  ice- salt  bath,  opened,  and  capped  with  a  rubber  septum.  A 
weighed  measuring  flask  capped  with  a  rubber  septum  is  cooled  with  the  ice- 
salt  bath.  To  this  is  introduced  the  cooled  solution  by  means  of  a  double- 
tipped  needle,  and  the  weighed  solution  is  then  introduced  to  the  reaction 
flask  by  means  of  a  double-tipped  needle. 

5.  The  reaction  mixture  containing  (E)-(2-methyl-l,3-butadienyl )di- 
methylalane  may  be  stored  at  room  temperature  for  at  least  a  few  days. 
Although  it  appears  to  be  stable  at  room  temperature  for  a  much  longer  period 
of  time,  its  thermal  stability  has  not  been  carefully  determined.  The  cross¬ 
coupling  reaction  in  Section  B  should  require  only  one  equivalent  of  the 
al kenyl al ane ,  and  its  yield  by  gas  chromatographic  examination  is  90-100%.  It 
is  practical,  however,  to  use  ca.  20%  excess  of  l-buten-3-yne  for  preparing 
the  al kenyl al ane  so  as  to  achieve  a  high-yield  conversion  of  geranyl  chloride 
into  a-farnesene. 

6.  Geranyl  chloride  was  prepared  by  treating  geraniol,  available  from 
Aldrich  Chemical  Company,  with  carbon  tetrachloride  and  tri phenyl  phosphine 
according  to  an  Organic  Syntheses  procedure  (Calzada,  J.  G.;  Hooz,  J.  Org. 
Synth.  1974,  54,  63). 
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7.  Tetrakis(triphenylphosphine)palladium  was  prepared  by  treating  palla¬ 
dium  chloride,  available  from  Matthey  Bishop,  Inc.,  with  hydrazine  hydrate  in 
the  presence  of  tri phenyl  phosphine  according  to  an  Inorganic  Syntheses 
procedure. ^  The  submitters  used  a  freshly  prepared,  shiny  yellow,  crystalline 
sample  of  the  palladium  complex.  On  standing  for  an  extended  period  of  time 
(>  a  few  weeks),  its  color  gradually  darkens.  Even  such  samples  are  effective 
in  many  palladium-catalyzed  cross-coupling  reactions,4  but  have  not  been 
tested  in  this  reaction.  Tetrakist tri phenyl  phosphine) pall adi um  is  also  avail¬ 
able  from  Aldrich  Chemical  Company. 

8.  Tetrahydrofuran  available  from  Aldrich  Chemical  Company  was  distilled 
from  sodium  and  benzophenone. 

9.  The  main  purpose  of  this  filtration  is  to  remove  traces,  if  any,  of 
palladium-containing  compounds  that  might  induce  undesirable  transformations, 
such  as  isomerization  and  polymerization,  during  the  subsequent  distillative 
workup. 

10.  The  submitters  reported  bp  73-75°C  (0.05  mm).  Gas  chromatographic 
examination  of  the  reaction  mixture  with  a  hydrocarbon  internal  standard 
indicates  that  a-farnesene  is  formed  in  98%  yield,  based  on  geranyl  chloride, 
essentially  as  a  single  product  (>98%).  The  product  obtained  by  this  proce¬ 
dure  shows  the  following  properties:  njp  1.4977;  IR  (neat)  cm-1:  3080 (w), 

2960 ( s ) ,  2900 ( s) ,  1664(w),  1635(m),  1601(m),  981 (m),  883(s);  3H  NMR  [CDCI3, 

( CH3 )4Si ]  6:  1.59  (s,  3  H),  1.63  (s,  3  H),  1.66  (s,  3  H),  1.74  (s,  3  H) ,  2.03 
(m,  4  H),  2.82  (t,  J  =  6,  2  H);  13C  NMR  [CDC1 3,  (CH3)4)Si]  6:  11.62,  16.07, 
17.63,  25.69,  26.89,  27.35,  39.88,  110.37,  122.36,  124.50,  131.10,  131.74, 
133.79,  135.55,  141.69. 
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3.  Discussion 


This  procedure  for  the  synthesis  of  ct-farnesene^  is  representative  of  the 
palladium-catalyzed  stereo-  and  regiospecific  coupling  of  allylic  derivatives 
with  alkenyl-  and  aryl  metals.®  The  use  of  neryl  chloride  in  place  of  geranyl 
chloride  gives  the  6-1  isomer  of  a-farnesene  in  11%  yield  (>98%  isomeric 
purity). ^  The  high  stereo-  and  regiospeci ficity  (>98%)  has  been  observed  only 
with  y,y-di  substi  tuted  allylic  electrophiles.  With  y-monosubsti tuted  allylic 
derivatives,  varying  amounts  of  stereo-  and  regio-isomers  have  been  observed.7 

Various  allyl  derivatives,  such  as  those  containing  acyloxy,  dialkyl- 
aluminoxy,  and  trial kyl si lyl oxy  groups,  also  react  with  al kenyl al anes  in  the 
presence  of  a  palladium-phosphine  catalyst,7  and  the  synthesis  of  a-farnesene 
has  been  achieved  by  using  geranyl  acetate.  Although  the  observed  yields  are 
ca.  20%  lower  than  those  observed  with  geranyl  chloride,  a  careful  comparison 
of  the  two  derivatives  has  not  been  performed.  In  general,  the  order  of 
reactivity  of  various  leaving  groups  is:  -Cl  >  -OAc  >  -0P0 ( OR ) 2  >  -OS i R3 . 

In  addition  to  al kenyl al anes,  readily  obtainable  by  either  hydroalum- 

i nation®  or  carboal umi nation®  of  alkynes,  alkenyl  zirconium  derivatives,®’1® 
obtainable  by  hydrozirconation11  of  alkynes,  undergo  a  related  al kenyl-allyl 
coupling  reaction.  In  a  related  aryl -allyl  coupling  reaction  catalyzed  by 
palladium  complexes,  arylmetals  containing  magnesium,  zinc,  and  cadmium,  in 
addition  to  those  containing  aluminum  and  zirconium,  give  the  expected  cross- 
coupled  products.  The  yields  with  zinc  or  cadmium  tend  to  be  higher  than 
those  with  aluminum  or  zirconium,  whereas  magnesium,  in  this  respect,  is 

inferior  to  aluminum  or  zirconium.7  Related  reactions  of  al  kenyl boranes12  and 

al kenylmercury  compounds1®  are  also  known,  but  their  applicability  to  the 

selective  synthesis  of  1,4-dienes  of  terpenoid  origin,  such  as  a-farnesene,  is 
unknown . 


35 


The  synthesis  of  1,4-dienes  via  cross  coupling  can,  in  principle,  be 
achieved  either  by  the  reaction  of  allyl metals  with  alkenyl  electrophiles  or 
by  the  reaction  of  al kenylmetal  s  with  allyl  electrophiles.  The  reaction  of  tt- 
al lyl nickel  derivatives  with  alkenyl  halides14  represents  the  former  approach 
and  can  be  highly  regioselective.  Stereo-  and  regio-defi ned  al kenylmetal s 
containing  aluminum,16  boron,16  silicon,17  and  copper16  have  been  reported  to 
react  with  allylic  electrophiles  producing  1,4-dienes.  With  the  possible 
exception  of  the  organocopper  reaction,  the  scope  of  these  uncatalyzed  reac¬ 
tions  is  practically  limited  to  y-unsubsti tuted  allylic  halides.  Finally,  the 
nickel -catalyzed  reaction  of  Grignard  reagents  with  allylic  electrophiles19  is 
also  known,  but  the  reaction  is  generally  nonselective.  Nor  does  it  appear 
that  the  reaction  has  been  applied  to  the  synthesis  of  1,4-dienes. 
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Appendi x 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 


a-Farnesene:  1 ,3,6,10-Dodecatetraene,  3,7,11-trimethyl-  (8,9);  (502-61-4) 
Trimethylalane:  Aluminum,  trimethyl-  (8,9);  (75-24-1) 

Di chi orobis(n^-cycl open tadienyl ) zirconium:  Zirconium,  dichloro-n- 
cyclopentadienyl-  (8);  Zirconium,  dichlorobi s(rr-2  ,4-cycl opentadien-l-yl )- 
(9);  (1291-32-3) 
l-Buten-3-yne  (8,9);  (689-97-4) 

Geranyl  chloride:  (E)-2,6-0ctadiene,  l-chloro-3, 7-dimethyl-  (8,9); 
(5389-87-7) 

Tetrakis( tri phenyl  phosphine) pal  ladium:  Pal  1 adium,  tetrakis( tri phenyl  - 
phosphine)-  (8);  Palladium,  tetraki s( triphenyl  phosphine)-,  (T-4)-  (9); 
(14221-01-3) 
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PALLADIUM-PHOSPHINE  COMPLEX  CATALYZED  REACTION  OF  ORGANOLITHIUM  COMPOUNDS  AND 
ALKENYL  HALIDES:  (Z)-g-[2-(N,N-DIMETHYLAMIN0)PHENYL]STYRENE 
(Benzenaraine,  N,N-dimethyl -2-( 2-phenyl ethenyl )- ,  (Z)-) 


Submitted  by  Shun-Ichi  Murahashi,  Takeshi  Naota,  and  Yoshio  Tanigawa1. 

Checked  by  Joseph  Fortunak  and  Ian  Fleming. 

1 .  Procedure 

Caution!  The  reaction  in  Part  A  should  he  carried  out  in  a  well- 
ventilated  hood  because  bromine  is  toxic. 

A.  (z,)-$-Bromostyrene.  In  a  1-L,  round-bottomed  flask  equipped  with  a 
magnetic  stirring  bar  are  placed  30.8  g  (0.100  mol)  of  er^t^ro-a.g-dibromo-g- 
phenyl propionic  acid  (Note  1),  13.0  g  (0.200  mol)  of  sodium  azide  (Note  2), 
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and  500  mL  of  dry  N,N-dimethyl  formamide  (Note  3).  The  reaction  mixture  is 
stirred  at  room  temperature  for  8  hr,  and  poured  into  a  mixture  of  300  mL  of 
ether  and  300  mL  of  water.  The  organic  layer  is  separated,  washed  with  three 
100  mL  portions  of  water,  dried  over  magnesium  sulfate,  and  filtered.  After 
evaporation  of  the  filtrate  with  a  rotary  evaporator,  the  residual  liquid  is 
distilled  under  reduced  pressure  giving  13.5-13.9  g  (74-76%)  of  (Z)-g-bromo- 
styrene,  bp  54-56°C  (1.5  mn) .  (Note  4). 

B.  2-(B,B-Dimethylamino)phenyllithium.  A  100-mL,  three-necked,  round- 
bottomed  flask  equipped  with  a  magnetic  stirring  bar  and  a  reflux  condenser 
connected  to  a  nitrogen-inlet  tube  is  capped  with  serum  stoppers  and  flushed 
with  nitrogen.  The  flask  is  charged  with  18.2  g  (0.150  mol)  of  N,N-dimethyl - 
aniline  (Note  5)  and  33.4  mL  (0.050  mol)  of  a  1.50  M  solution  of  n-butyl- 
lithium  in  hexane  (Note  6).  While  a  continuous  positive  nitrogen  pressure  is 
maintained,  the  solution  is  heated  at  reflux  (in  a  90-95°C  bath)  with  stirring 
for  20  hr  and  then  cooled  to  room  temperature  (Note  7). 

C.  (Z )-§-[ 2- (N,N-Dimethylamino) phenyl] styrene.  A  1-L,  three-necked, 
round-bottomed  flask  equipped  with  a  magnetic  stirring  bar,  a  reflux  condenser 
connected  to  a  nitrogen-inlet  tube,  and  a  300-mL,  pressure-equal izing  dropping 
funnel  is  capped  with  serum  stoppers.  The  flask  is  flushed  with  nitrogen  and 
charged  with  0.433  g  (0.0025  mol)  of  palladium  chloride  (Note  8),  2.62  g 
(0.010  mol)  of  tri  phenyl  phosphine  (Note  9),  and  300  mL  of  benzene  (Note  10). 
While  a  continuous  positive  nitrogen  pressure  is  maintained,  the  mixture  is 
stirred  at  gentle  reflux  for  30  min,  and  then  4.25  mL  (0.0060  mol)  of  a  1.41  M 
solution  of  methyl  1  i thi um  in  ether  (Note  11)  is  added  with  a  syringe.  After 
an  additional  10  min  at  reflux,  9.15  g  (0.050  mol)  of  (Z)-8-bromostyrene 
prepared  in  Part  A  is  added  in  one  portion  with  a  syringe,  and  the  mixture  is 
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heated  at  reflux  for  10  min.  The  solution  of  2-( N,N-dimethylami no)phenyl - 
lithium  prepared  in  Part  B  is  transferred  to  the  dropping  funnel  with  a 
syringe,  and  diluted  by  adding  150  mL  of  benzene  (Notes  10  and  12).  The 
resulting  solution  is  then  added  dropwise  to  the  mixture  with  stirring  at 
reflux  over  a  period  of  30  min  (Note  13).  After  additional  stirring  for  10 
min,  the  resulting  red  solution  is  cooled  to  room  temperature  with  the  help  of 
an  ice -bath,  and  quenched  by  adding  100  mL  of  saturated  aqueous  ammonium 
chloride.  The  organic  layer  is  separated,  washed  successively  with  100  mL  of 
water  and  100  mL  of  saturated  aqueous  sodium  chloride,  and  then  dried  over 
magnesium  sulfate  and  filtered.  The  solvent  is  evaporated  with  a  rotary 
evaporator  and  the  residue  is  distilled  under  reduced  pressure  to  give  a 
forerun  (ca.  11  g)  of  excess  N,N-dimethylaniline,  bp  31-51°C  (1  mm),  followed 
by  7. 4-7. 5  g  (66-67%)  of  (Z )-g-[2- ( N,N-dimethyl ami no)phenyl ]styrene ,  bp  90.0- 
92.0°C  (0.035  mm),  82-84°C  (0.01  mm),  as  a  pale  yellow  liquid  (Note  14). 

2.  Notes 

1.  erythro-a,  8-Di  bromo- (3-phenyl  propionic  acid  is  prepared  from  trans- 
cinnamic  acid  (mp  133-134°C)  (Nakarai  Chemicals,  Japan)  by  the  method  used  for 
ethyl  a,(3-dibromo-(3-phenylpropionate  (Abbott  T.  W.;  Althousen,  D.  Ovg.  Synth., 
Coll.  Vol.  2  1943,  270)  in  83%  yield,  mp  199-200°C.  The  checkers  used  benzene 
(400  mL  per  mol)  in  place  of  the  carbon  tetrachloride,  because  the  mixture  was 
then  easier  to  stir  and  the  reaction  was  more  reproducible.  The  yield  before 
purification  was  89%  (mp  174-191°C);  the  yield  after  recrystal  1 i zation  was  81% 
(mp  198-199°C ) .  Crude  material  could  be  used  without  appreciable  loss  of 
yield. 
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2.  Sodium  azide  from  Wako  Pure  Chemical  Ind.,  Japan,  was  used  without 
purification. 

3.  N,N-Dimethyl formamide  is  distilled  over  calcium  hydride. 

4.  Gas  chromatographic  analysis  of  the  distillate  (10%  PEG-20M  on  60-80 

mesh,  Celite  545  AW,  1-m  x  4 -mm,  column  temperature  100-220°C,  injection 
temperature  200°C)  shows  that  the  product  is  100%  isomerically  pure.  The 
spectral  properties  of  the  (Z)-g-bromostyrene  are  as  follows:  IR  (neat) 
cm-1:  strong  absorptions  at  3095,  3040,  1620,  1500,  1450,  1333,  1032,  930, 

920,  830,  770,  and  700;  NMR  (CHCI3)  6:  6.43  (doublet,  1  H,  J=8,  PhCH=C), 

7.08  (doublet,  1  H,  J=8,  PhC=CHBr),  7.22-7.85  (multiplet,  5  H,  aromatic).  The 
checkers  also  purified  the  residual  oil  before  distillation  by  filtration  in 
250  mL  of  pentane  through  three  times  its  weight  of  silica  gel  (70-230  mesh) 
followed  by  evaportion.  The  yield  before  distillation  was  then  reproducibly 
84%,  distillation  was  avoided,  and  the  next  step  proceeded  with  undiminished 
yi el d . 

5.  N,N-Dimethylaniline  from  Nakarai  Chemicals  was  dried  over  calcium 
hydride  and  freshly  distilled.  Three  molar  equivalents  of  N,N-dimethyl anil ine 
are  used  to  achieve  complete  conversion  of  the  n-butyllithium,  because  in  the 
present  particular  case  free  n-butyllithium,  if  present,  causes  the  isomeriza¬ 
tion  of  the  (Z)-alkene  to  the  (E)-isomer. 

6.  A  solution  of  n-butyllithium  in  hexane  was  obtained  from  Aldrich 
Chemical  Company,  Inc.  Before  use  the  solution  is  titrated  with  a  1  M  solu¬ 
tion  of  2-butanol  in  xylene  according  to  the  procedure  of  Watson  and  Eastham,2 
[see  Gail,  M.;  House,  H.  0.  Ovg.  Synth.  1972,  52,  39]  with  2,2' -biqui nol ine  as 
indicator. 

7.  The  resulting  cloudy,  yellowish  orange  solution  should  be  used  within 
3-4  hr. 
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8.  Palladium  chloride  from  Inuisho  Precious  Metal  Company,  Japan,  was 
used  without  purification. 

9.  Triphenylphosphine  from  Nakarai  Chemicals,  Japan,  was  used  without 
purification. 

10.  Benzene  is  distilled  over  benzophenone  ketyl  and  stored  under  a 
nitrogen  atmosphere. 

11.  A  solution  of  methyllithium  in  ether  is  prepared  from  lithium  wire 
and  methyl  bromide  according  to  the  literature  procedure, ^  and  titrated  by  the 
same  method  as  Note  6.  The  checkers  used  1.1  M  methyllithium  from  Aldrich. 

12.  Without  the  dilution,  ( Z)-l ,4-di phenyl -l-buten-3-yne  is  detected, 
apparently  formed  from  the  cross-coupling  with  phenyl  acetyl ide,  derived  from 
li  thiation  of  (3-bromostyrene,  followed  by  E2cB  elimination  or  Fritsch- 
Butlenberg-Wiechell  type  rearrangement. 

13.  Prolonged  reaction  time  causes  the  isomerization  of  (Z)-g-[2-(N,N- 
dimethyl ami  no) phenyl] styrene  to  the  (E)-isomer. 

14.  Gas  chromatographic  analysis  of  the  product  (5%  silicone  SE  30  on 

80-100  mesh  Chromosorb  W  AB,  0.5-m  x  4-mm,  column  temperature  100-250°C, 
injection  temperature  180°C)  shows  that  the  product  is  at  least  98%  ( Z) - 
isomer.  The  spectral  properties  of  the  (Z)-alkene  are  as  follows;  IR  (neat) 
cm-''':  strong  absorptions  at  3070,  3025,  2950,  2870,  2835,  2780  ,  1600,  1490, 

1450,  1320,  1190,  1160,  1140,  1100,  1050,  950,  780,  750,  and  690;  lH  NMR 
(CC14)  6:  2.76  (singlet,  6  H,  CH3-N),  6.38  (doublet,  1  H,  J=12.3,  PhC=CH), 
6.63  (doublet,  1  H,  J=12.3,  PhCH=C),  6.50-7.30  (multiplet,  9  H,  aromatic). 
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Table  I 


PALLADIUM-CATALYZED  REACTION  OF  ORGANOLITHIUM  COMPOUNDS  AND  ALKENYL  HALIDES3 


Halides  RLi  Products  Yieldb  (%) 


90 

62 


(Z)-C6H5CH=CHBr 


(E)-C6H5CH=CHBr 


CH3Li 

CH3(CH2)3Li 


C  2  H  5  S  L  i 
CH3Li 


(Z)-C6H5CH=CHCH3 

(z)-c6h5ch=chc4h9 


(z)-c6h5ch=chsc2h5 

(e)-c6h5ch=chch3 


85 

94c 

87  (66-67)d 

95c 
93c 
88 

85 

(89 ) d 

bDetermined  by  gas 
used.  dIsolated 


dThe  reaction  was  carried  out  on  a  1. 0-5.0  mmol  scale, 
chromatography.  cTetraki  s( triphenyl  phosphine) pal  1 adium  was 
yield. 
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3.  Discussion 


The  starting  materials,  ( Z)-g-bromostyrene^  and  2-(N,N-dimethylamino)- 
phenyl  1 i thi um^  have  been  prepared  in  satisfactory  yields  by  known  procedures 
after  slight  modifications.  The  azide  procedure^  gives  higher  stereospeci¬ 
ficity  than  the  earlier  procedure  using  sodium  bicarbonate.^ 

This  procedure  illustrates  a  general  method  for  the  preparation  of 
alkenes  from  the  palladium(0)-catalyzed  reaction  of  vinyl  halides  with  organo- 
lithium  compounds,7  which  can  be  prepared  by  various  methods,  including  direct 
regiosel ecti ve  lithiation  of  hydrocarbons.^  The  method  is  simple  and  has  been 
used  to  prepare  a  variety  of  alkenes  stereoselectively.  Similar  stoichio¬ 
metric  organocopper  reactions  sometimes  proceed  in  a  nonstereoselective 

q  in 

manner  and  in  low  yields.  Nickel  catalysts  can  be  used  efficiently  for  the 
reaction  of  alkenyl  halides  with  Grignard  reagents  but  not  with  organol ithium 
compounds.11  Highly  reactive  zerovalent  palladium  catalyst  can  be  directly 
generated  in  situ  from  PdC^-PPhj-CHjLi .  Tetrakis(triphenylphosphine)- 
palladium  can  be  used  alternatively.  Grignard  reagents  undergo  the  reaction 
as  well  with  aryl  halides.  Organol  i  thi urn  compounds  require  the  limited 
reaction  condition  under  which  the  elimination  of  alkenyl  halides  producing 
lithium  acetylides  is  slower  than  the  cross-coupling  reaction.7  The  choice  of 
benzene  as  a  solvent  and  the  dilution  of  the  solution  satisfy  the  above  condi¬ 
tions.  The  palladium-catalyzed  alkylation  of  aryl  halides  with  organol ithium 
compounds  proceeds  efficiently  without  such  difficulty.7  Similar  reactions 
with  lithium  thiolates  gave  the  corresponding  alkenyl  sulfides.7 
Representative  reactions  of  organol i thi um  compounds  are  shown  in  Table  I. 


45 


1. 


Department  of  Chemistry,  Faculty  of  Engineering  Science,  Osaka 

University,  Machikaneyama,  Toyonaka,  Osaka,  Japan. 

2.  Watson,  S.  C.;  Eastham,  J.  F.  J.  Organometal.  Chem.  1967,  9,  165. 

3.  Wittig,  6.;  Hesse,  A.  Ovg.  Synth.  1970,  50,  66. 

4.  L'abbe,  G. ;  Miller,  M.  J.;  Hassner,  A.  Chem.  Ind.  (London)  1970,  1321. 

5.  Lepley,  A.  R.;  Khan,  W.  A.;  Giumanini,  A.  B.;  Giumanini,  A.  G.  J •  Ovg. 

Chem.  1966,  31,  2047. 

6.  Cristol,  S.  J.;  Norris,  W.  P .  J.  Am.  Chem.  Soc.  1953,  75,  2645. 

7.  Murahashi,  S . - 1 . ;  Yamamura,  M.;  Yanagisawa,  K.;  Mita,  N.;  Kondo,  K.  J . 

Ovg.  Chem.  1979,  44,  2408;  Yamamura,  M.;  Moritani,  I.;  Murahashi,  S.-I. 
J.  Organometal.  Chem.  1975,  91,  C39. 

8.  Wakefield,  B.  J.  "The  Chemistry  of  Organol i thium  Compounds,"  Pergamon: 
Oxford,  1974;  Gschwend,  H.  W.;  Rodriguez,  H.  R.  Ovg.  React.  1979,  26,  1. 

9.  Worm,  A.  T.;  Brewster,  J.  H.  J.  Ovg.  Chem.  1970,  35,  1715. 

10.  Posner,  G.  H.  Ovg.  React.  1975,  22,  253. 

11.  Tamao,  K.;  Sumitani,  K.;  Kiso,  Y.;  Zembayashi ,  M.;  Fujioka,  A.;  Kodama, 

S.;  Nakajima,  I.;  Minato,  A.;  Kumada,  M.  Bull.  Chem.  Soc.  Jpn.  1976,  49, 
1958  and  references  therein;  Kumada,  M.;  Tamao,  K.;  Sumitani,  K.  Ovg. 
Synth.  1978,  58,  127. 


46 


Appendix 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 


(Z)-g-[2-(N ,N-Di methyl  ami  no) phenyl ] styrene:  Benzenami ne,  N,N- dimethyl -2- (2- 
phenyl ethenyl )- ,  (Z)-  (9);  (70197-43-2) 

( Z)-g-Bromostyrene:  Styrene,  g-bromo-,  (Z)-  (8);  Benzene,  (2-bromoethenyl )- , 
(Z)-  (9);  (588-73-8) 

erytfrro-cx,(3-Dibromo-g-phenylpropionic  acid:  Hydrocinnamic  acid,  a,8-dibromo-, 
eryth.ro-  (8);  Benzenepropanoic  acid,  a,f3-dibromo-,  (R  ,S  )-  (9);  (31357-31-0) 
trans-Cinnamic  acid:  Cinnamic  acid,  (E)-  (8);  2-Propenoic  acid,  3-phenyl-, 
(E)-  (9);  (140-10-3) 

Sodium  azide  (8,9);  (26628-22-8) 

2-(N,N-Dimethylamino)phenyllithium:  Lithium,  [o-dimethyl amino) phenyl ]-  (8); 
Lithium,  [2-(dimethyl amino)phenyl ]-  (9);  (22608-37-3) 

N,N-Dimethyl anil ine:  Aniline,  N,N-dimethyl -  (8);  Benzenamine,  N,N-dimethyl - 
(9);  (121-69-7) 

Butyl  1 ithi urn :  Lithium,  butyl-  (8,9);  (109-72-8) 

Palladium  chloride  (8,9);  (7647-10-1) 

Triphenylphosphine:  Phosphine,  triphenyl-  (8,9);  (603-35-0) 

Methyl  1 i thi urn:  Lithium,  methyl-  (8,9);  (917-54-4) 
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cis-N-T0SYL-3-METHYL-2-AZABICYCL0[3.3.0]0CT-3-ENE 
( Cycl openta[b] pyrrol e,  1 ,3a ,4 ,5 ,6 ,6a-hexahydro-2-methyl - 
l-[4-methyl phenyl )sulfonyl]-,  cis-) 


Submitted  by  Louis  S.  Hegedus,  Michael  S.  Holden,  and  James  M.  McKearin^. 
Checked  by  Christoph  Nubling  and  Ian  Fleming. 
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1 .  Procedure 


A.  tvans-2-(2-Pvopenyl) ayalopentanol.  A  500-mL,  three-necked,  round- 
bottomed  flask  equipped  with  a  magnetic  stirring  bar,  reflux  condenser  with  a 
stopcock,  and  a  250-mL  addition  funnel  is  charged  with  18.3  g  (750  mmol)  of 
magnesium  turnings  (Note  1).  The  system  is  evacuated  and  placed  under  argon, 
then  100  mL  of  ethyl  ether  (Note  2)  is  added  to  the  system  via  cannula.  The 
system  is  placed  in  an  ice-water  bath,  and  2  mL  of  allyl  bromide  (Note  3)  is 
added  via  syringe  to  the  magnesium  suspension  to  initiate  Grignard  forma¬ 
tion.  .  The  addition  funnel  is  charged  with  45.5  g  (375  mmol)  of  allyl  bromide 

and  30  mL  of  ethyl  ether.  Another  100  mL  of  ethyl  ether  is  added  to  the 

reaction  flask.  Stirring  is  begun,  and  the  allyl  bromide-ethyl  ether  mixture 
is  added  dropwise  to  the  cooled  reaction  flask  over  a  period  of  about  2  hr. 
After  the  addition  is  complete,  the  dark  gray  solution  is  stirred  for  several 
hours  at  ambient  temperature  (Note  4).  Meanwhile,  a  500-mL,  three-necked, 
round-bottomed  flask  equipped  with  a  magnetic  stirring  bar,  reflux  condenser 
with  a  stopcock,  and  a  60-mL  addition  funnel  is  evacuated  and  placed  under 
argon.  The  Grignard  solution  is  transferred,  via  cannula,  into  the  flask,  and 
16.8  g  (200  mmol)  of  cyclopentene  oxide  (Note  5)  is  placed  in  the  addition 
funnel.  While  the  solution  is  stirred,  the  epoxide  is  added  dropwise  to  the 
Grignard  reagent  at  a  rate  sufficient  to  maintain  a  mild  reflux.  After  the 

solution  is  stirred  for  several  hours  or  overnight,  the  flask  containing  the 

dark  gray  reaction  mixture  is  placed  in  an  ice-water  bath,  and  excess  Grignard 
reagent  is  hydrolyzed  with  40  mL  of  a  saturated  aqueous  ammonium  chloride 
solution.  The  fine  white  precipitate  is  allowed  to  settle  (Note  6),  and  the 
liquid  is  decanted  into  a  500-mL  separatory  funnel.  The  precipitate  is  washed 
with  ethyl  ether  (4  x  50  mL)  (Note  7),  and  all  the  ethyl  ether  solutions  are 
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combined,  washed  with  saturated  aqueous  sodium  bicarbonate  solution  (3  x  20 
mL),  then  with  saturated  aqueous  'sodium  chloride  (2  x  20  mL).  The  aqueous 
layers  are  combined  and  washed  with  ethyl  ether  (2  x  20  mL).  The  ether  layers 
are  combined  and  dried  over  anhydrous  potassium  carbonate.  The  desiccant  is 
removed  by  gravity  filtration,  and  the  solvent  removed  under  reduced  pressure 
to  give  24.1-26.4  g  (96-105%)  of  a  yellow  oil.  Distillation  (43°C,  0.250  mm) 
yields  1  (19.8-23.0  g.  78-91%)  as  a  clear,  colorless  oil  (Note  8). 

B.  eis-2-( 2-Propenyl) cyclopentylamine.  A  1000-mL,  three-necked,  round- 
bottomed  flask  equipped  with  a  magnetic  stirring  bar,  two  addition  funnels, 
and  a  stopcock  is  charged  with  41.5  g  (158  mmol)  of  tri phenyl  phosphine  (Note 
9)  and  23.3  g  (158  mmol)  of  phthalimide  (Note  10).  The  system  is  evacuated 
and  placed  under  argon.  To  one  addition  funnel,  20.0  g  (158  mmol)  of  trans-2- 
(2-propenyl )cycl opentanol  is  added;  27.5  g  (158  mmol)  of  diethyl  azodicar¬ 
boxyl  ate  (Note  11)  is  added  to  the  other.  Tetrahydrofuran,  500  mL,  (Note  12) 
is  added  to  the  flask  via  cannula,  and  stirring  is  begun.  The  substrate  and 
diethyl  azodicarboxyl  ate  are  simultaneously  added  dropwise,  slowly  over  about 
30  min  (Note  13),  with  stirring;  the  solution  turns  clear  and  yellow  (Note 
14).  The  reaction  is  permitted  to  proceed  for  2  days  at  room  temperature;  the 
solution  is  then  transferred  to  a  1000-ml ,  one-necked,  round-bottomed  flask, 
and  the  solvent  is  removed  under  reduced  pressure,  to  leave  a  yellow-white 
semi-solid.  A  magnetic  stirring  bar  is  added  to  the  flask  and  the  semi-solid 
is  taken  up  in  250  mL  of  reagent-grade  methyl  alcohol.  To  this,  10.1  g  (316 
mmol)  of  hydrazine  (Note  15)  is  added.  A  reflux  condenser  is  attached  to  the 
flask,  stirring  is  begun,  and  the  system  is  brought  to  reflux  (Note  16).  A 
large  amount  of  clumpy  white  solid  forms  in  a  yel 1 ow-to-orange  solution. 
After  4  hr  at  reflux,  the  solution  is  allowed  to  cool  to  room  temperature;  a 
mixture  of  20  mL  of  hydrochloric  acid  (Note  17)  and  65  mL  of  methyl  alcohol  is 
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added,  and  the  system  is  refluxed  overnight.  The  resulting  reaction  mixture 
is  filtered  to  remove  the  precipitate,  and  the  solvent  is  removed  under 
reduced  pressure  to  yield  a  whi te-to-pi nk  solid,  which  is  taken  up  in  800  mL 
of  water  and  28  mL  of  hydrochloric  acid.  The  solution  is  filtered,  and  the 
solid  washed  with  water  (2  x  200  mL)  and  hydrochloric  acid  (20  mL).  The 
liquids  are  combined,  placed  in  a  2000-mL  separatory  funnel,  and  washed  with 
chloroform  (3  x  250  mL),  and  ethyl  ether  (1  x  250  mL).  The  aqueous  layer  is 
transferred  to  a  2000-mL  Erlenmeyer  flask,  and  cooled  in  an  ice-water  bath.  A 
saturated  aqueous  sodium  hydroxide  solution  is  used  to  make  the  solution 
basic,  to  approximately  pH  14,  whereupon  the  solution  turns  dark  olive 
green.  The  basic  solution  is  extracted  with  ethyl  ether  (10  x  250  mL),  or  by 
continuous  extraction  overnight  and  the  combined  organic  layers  are  dried  over 
a  mixture  of  anhydrous  sodium  sulfate  and  anhydrous  potassium  carbonate. 
Filtration  and  solvent  removal  at  atmospheric  pressure  yields  a  green-yellow 
oil.  Distillation  (52-58°C,  8-11  mm)  gives  2  (11.8-12.5  g,  60-63%)  as  a 
clear,  colorless  oil  (Note  18). 

C.  aie-l-~N-Tosyt-2-(2-pvopenyt)  ayclopentylamine.  A  100-mL,  one-necked, 
round-bottomed  flask  equipped  with  a  sidearm,  a  magnetic  stirring  bar, 
stopcock,  and  a  serum  cap  on  the  sidearm,  is  charged  with  8.00  g  (64  mmol)  of 
ci s-2-(2-propenyl )cycl opentyl amine.  The  system  is  evacuated  and  placed  under 
argon.  Via  cannula,  50  mL  of  pyridine  (Note  19)  is  added.  The  flask  is 
cooled  in  an  ice-water  bath,  the  stopcock  removed,  12.58  g  (66  mmol)  of  p- 
tol uenesul fonyl  chloride  (Note  20)  is  added  to  the  reaction  mixture,  and  the 
stopcock  replaced.  The  reaction  mixture  immediately  turns  orange;  it  is 
allowed  to  stir  at  0°C  overnight,  during  which  time  the  reaction  mixture  turns 
deep  purple.  The  reaction  mixture  is  then  poured  into  a  separatory  funnel,  60 
mL  of  distilled  technical  grade  ethyl  acetate  is  added,  and  the  solution  is 
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washed  with  100-mL  portions  of  1:1  2  N  HC1 :  saturated  aqueous  sodium  chloride 
until  the  washings  are  acidic.  The  organic  layer  is  washed  with  saturated 
aqueous  sodium  chloride  (2  x  60  mL),  and  dried  over  anhydrous  magnesium 
sulfate.  Gravity  filtration  and  solvent  removal  under  reduced  pressure  yield 
a  dark  red-brown  solid.  This  is  purified  by  recrystallization  from  250  mL  of 
ethyl  alcohol /water  (4:1);  crystallization  is  completed  in  the  refrigerator  to 
give  3  (12.7-13.9  g,  71-78%)  as  off-white  plates,  mp  109-110°C  (Note  21). 

D.  c-is-N-Tosyl-3-meth.yl-2-azabicyclo[3 .3 .0]oct-3-ene.  A  500-mL,  one- 
necked,  round-bottomed  flask  equipped  with  a  magnetic  stirring  bar  and  reflux 
condenser  is  charged  with  5.159  g  (18.49  mmol)  of  cis-l-N-tosyl -2-(2- 
propenyl )cycl opentyl amine,  1.998  g  (18.49  mmol)  of  p-benzoquinone  (Note  22), 
0.096  g  (0.370  mmol,  2  mole-%)  of  PdCl 2 ( CH3CN ) 2  (Note  23),  3.920  g  (92.46 
mmol,  500  mole-%)  of  lithium  chloride  (Note  24),  and  1.960  g  (18.49  mmol)  of 
sodium  carbonate  (Note  25).  Tetrahydrofuran  (100  mL)  (Note  12)  is  added  and 
stirring  is  begun.  The  yellow-orange  solution  is  heated  at  reflux  until  thin- 
layer  chromatography  (3:1  hexane:ethyl  acetate,  Si 02 )  shows  that  no  starting 
material  remains  (about  3-4  hr);  it  is  then  poured  into  a  500-mL  separatory 
funnel  and  100  mL  of  ethyl  acetate  is  added.  This  is  washed  with  100-mL 
portions  of  1:1  saturated  aqueous  sodium  chloride:  sodium  hydroxide  (1%)  until 
the  aqueous  layer  is  clear;  then  the  yellow-green  organic  layer  is  washed  with 
saturated  aqueous  sodium  chloride  (2  x  50  mL).  The  organic  layer  is  dried 
over  anhydrous  magnesium  sulfate,  filtered  by  gravity,  passed  through  a  short 
column  (approximately  5  cm)  of  neutral  alumina,  and  the  column  is  washed  with 
100  mL  of  ethyl  acetate.  The  combined  solvents  are  removed  under  reduced 
pressure  to  give  4. 9-5.1  g  (94-99%)  of  a  tan  solid.  The  product  is  recrystal¬ 
lized  from  100  mL  of  methyl  alcohol/water  (4:1)  to  yield  4  (3.9-4.45  g,  76- 
87%)  as  white  needles,  mp  91-92°C  (Notes  26  and  27). 
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2.  Notes 


1.  Magnesium  turnings,  purified  for  Grignard  reactions,  are  purchased 
from  J.  T.  Baker  Chemical  Company,  and  used  without  further  purification. 

2.  Ethyl  ether  is  freshly  distilled  from  sodi um/benzophenone  ketyl  at 
atmospheric  pressure  under  nitrogen. 

3.  Allyl  bromide,  purchased  from  Aldrich  Chemical  Company,  Inc.,  is 
distilled  and  stored  in  a  brown  bottle  away  from  light. 

4.  Successful  reactions  have  been  run  with  this  induction  period  lasting 
from  1  hr  to  overnight. 

5.  Cyclopentene  oxide  is  purchased  from  Arapahoe  Chemicals,  Boulder,  CO, 
and  used  without  purification.  The  checkers  bought  cyclopentene  oxide  from 
Lancaster  Synthesis. 

6.  The  fine  precipitate  may  take  several  hours  to  settle.  Filtration  is 
often  ineffective,  but  settling  can  be  speeded  up  by  centrifuging. 

7.  Since  the  efficiency  of  this  washing  is  dependent  upon  the  degree  of 
settling,  the  checkers  recommend  that  washing  with  50-mL  batches  of  ether  be 
continued  until  the  smell  of  the  alcohol  is  no  longer  detectable  on  a  sample 
of  the  dry  salts. 

8.  The  spectral  properties  are  as  follows:  NMR  ( CDC1 3 )  <5:  1.0-2. 4 

(m,  9  H);  3. 0-3. 3  (br  s,  1  H,  0-H);  3. 7-4.1  (m,  1  H,  CH-0);  4. 8-5. 3  (m,  2  H, 
=CH2);  5. 5-6. 2  (m,  1  H,  -CH=). 

9.  Anhydrous  tri phenyl  phosphine  is  purchased  from  Sigma  Chemical 
Company,  and  is  used  without  further  purification. 

10.  Phthalimide,  98%,  is  purchased  from  Aldrich  Chemical  Company,  Inc., 
and  is  used  without  further  purification. 
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11.  Diethyl  azodi carboxyl  ate  is  purchased  from  Aldrich  Chemical  Company, 
Inc.,  and  is  used  without  further  purification. 

12.  Tetrahydrofuran  is  freshly  distilled  from  sodium/benzophenone  ketyl 
at  atmospheric  pressure  under  nitrogen. 

13.  Too  rapid  a  rate  of  addition  may  cause  the  solution  to  boil. 

14.  The  solution  does  not  become  homogeneous  until  it  is  warmed  by  the 
heat  of  the  reaction. 

15.  Anhydrous  hydrazine,  97+%,  is  purchased  from  Matheson,  Coleman  and 
Bell,  Norwood,  OH  45212,  and  is  used  without  further  purification. 

16.  Because  of  the  dangerous  nature  of  hydrazine,  a  safety  shield  should 
always  be  in  place  during  this  reaction. 

17.  A.C.S.  Reagent  hydrochloric  acid  is  purchased  from  Fisher  Scientific 
Company,  and  used  without  further  purification. 

18.  The  spectral  properties  are  as  follows:  1H  NMR  ( CDC1 3 )  6:  0.8  (s, 

2  H,  NH2);  1.3-2. 4  (m,  9  H,  CH2,  CH);  3. 1-3. 4  (m,  1  H,  HC-N);  4. 8-5. 2  (m,  2  H, 
=CH2);  5. 4-6.1  (m,  1  H,  HC=). 

19.  Pyridine  is  distilled  from  CaH2  and  stored  over  CaH2  under  argon. 

20.  p-Tol uenesul fonyl  chloride  is  purchased  from  J.  T.  Baker  Chemical 
Company,  and  purified  by  dissolving  20  g  in  50  mL  of  chloroform,  adding  250  mL 
of  hexane,  filtering,  and  solvent  removal  under  reduced  pressure.^ 

21.  The  spectral  properties  are  as  follows:  XH  NMR  (CDCI3)  6:  1.0-2. 3 

(m,  9  H,  CH2,  CH);  2.41  (s,  3  H,  CH3);  3. 4-3. 8  (m,  1  H,  CHN) ;  4. 7-5.1  (m,  3  H, 

=CH2,  NH);  5. 2-6.1  (m,  1  H,  =CH);  7.25  (d,  2  H,  J  =  8,  ArH);  7.8  (d,  2  H,  J  = 

8,  ArH). 

22.  p-Benzoqui none,  98+%,  is  purchased  from  the  Aldrich  Chemical 
Company,  Inc.,  sublimed  at  60°C/15  mm,  and  stored  under  argon.  The  checkers 
used  it  as  suppl ied. 
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23.  Pal  1  a d i um (II)  chloride-acetonitrile  complex  is  formed  by  placing 
8.00  g  of  P dCl 2  in  200  mL  of  acetonitrile  and  stirring  for  2  days  or  refluxing 
for  3  hr.  The  complex  (11.43  g,  97.8%)  is  collected  by  filtration,  washed, 
and  dried. 

24.  Lithium  chloride  is  purchased  from  Fisher  Scientific  Company  and 
used  without  further  purification. 

25.  Sodium  carbonate  is  purchased  from  Aldrich  Chemical  Company,  Inc., 
and  used  without  further  purification. 

26.  The  spectral  properties  are  as  follows:  NMR  ( CDC1 3 )  6:  1.40- 

2.00  (m,  6  H,  CH2);  2.10  (m,  3  H,  CH3C=);  2.40  (s,  3  H,  ArCH3) ;  2.80-3.20  (m, 
1  H,  4.20-4.50  (m,  1  H,  CHN) ;  4.70  (m,  1  H,  CH=);  7.30  (d,  2  H,  J  =  8,  ArH); 

7.70  (d,  2  H,  J  =  8,  ArH). 

27.  The  checkers  also  carried  out  the  entire  sequence  on  three  times  the 
scale  with  slightly  better  yields. 


3.  Discussion 

Synthesis  of  the  title  compound  is  representative  of  a  number  of  syn¬ 
theses  of  nonaromatic  nitrogen  heterocycles  via  Pd(  ID-catalyzed  ami  nation  of 
olefins. ^  These  tosylated  enamines  are  not  readily  available  by  standard 
synthetic  methods,  and  show  potential  for  further  functionalization  of  the 
heterocycle.4  The  saturated  amine  can  be  synthesized  from  the  title  compound 
by  hydrogenation  of  the  double  bond  followed  by  photolytic  deprotection. 

In  terms  of  cost,  the  effectiveness  of  the  catalytic  cycle  in  the  ring 
closure  makes  this  process  economical  in  palladium.  The  first  three  steps  in 
the  reaction  sequence  —  ring  opening  of  an  epoxide  by  a  Grignard  reagent,5 
converison  of  an  alcohol  to  an  amine  with  inversion,5  and  sulfonamide 
formation  from  the  amine7  —  are  all  standard  synthetic  processes. 
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Append! x 

Chemical  Abstracts  Nomenclature  (Collective  Index  Nunfcer): 

(Registry  Number) 


ci s-N-Tosyl -3-methyl -2-azabicyclo[3.3.0]oct-3-ene:  Cycl openta[b  jpyrrol e, 
l,3a,4,5,6,6a-hexahydro-2-methyl -l-[(4-methylphenyl )sulfonyl]-,  cis-  (11) ; 
(81097-07-6) 

trans-2-(2-Propenyl )cyclopentanol  :  Cycl opentanol ,  2-( 2-propenyl )- ,  trans- 
(10);  (74743-89-8) 

Magnesium  (8,9);  (7439-95-4) 

Allyl  bromide:  1-Propene,  3-bromo-  (8,9);  (106-95-6) 

Cyclopentene  oxide:  6-0xabicyclo[3.1 .0]hexane  (8,9);  (285-67-6) 
cis-2-(2-Propenyl )cycl opentyl ami ne:  Cycl opentanami ne,  2-( 2-propenyl )-, 
cis-  (11);  (81097-02-1) 

Triphenylphosphine:  Phosphine,  triphenyl-  (8,9);  (603-35-0) 

Phthalimide  (8);  1  H-Isoindole-l,3(2H)-dione  (9);  (85-41-6) 

Diethyl  azodicarboxylate:  Formic  acid,  azodi-,  diethyl  ester  (8): 
Diazenedicarboxylic  acid,  diethyl  ester  (9);  (1972-28-7) 

Hydrazine  (8,9);  (302-01-2) 

cis-l-N-Tosyl -2- (2-propenyl ) cycl opentyl ami ne :  Benzenesul fonamide, 

4-methyl -N-[2-( 2-propenyl )cycl opentyl ]-,  cis-  (11);  (81097-06-5) 

p-Tol uenesul fonyl  chloride  (8);  Benzenesul fonyl  chloride,  4-methyl-  (9); 

(98-59-9) 

p-Benzoqui none :  Benzoquinone  (8);  2,5-Cycl ohexadi ene-1 ,4-dione  (9); 
(106-51-4) 

Pal ladium(II)  chloride:  Palladium  chloride  (8,9);  (7647-10-1) 
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SILYLATION  OF  2-METHYL-2-PR0PEN-1-0L  DIANION: 


2-( HYDROXYMETHYL )ALLYLTRIMETHYLSILANE 


A. 


0.  nC4H9Li  ,  TMEDA 
b.  CISiMe3 


Me  3  Si 


B. 


Me3Si 


OSiMe, 


h2S04 


Me3S  i 


Submitted  by  Barry  M.  Trost,  Dominic  M.  T.  Chan,  and  Thomas  N.  Nanninga^. 
Checked  by  Paul  R.  Jenkins  and  Ian  Fleming. 

1.  Procedure 

Caution!  Part  A  should  be  carried  out  in  an  efficient  hood,  since  the 
reagents  are  noxious. 

A.  2- ( Trimethyl sil oxymethyl ) allyltrimethyl silane .  An  oven-dried  (Note 
1)  2-L,  three-necked,  round-bottomed  flask  is  equipped  with  an  air-tight 
mechanical  stirrer  (Note  2),  a  500-mL  pressure-equalizing  dropping  funnel 
(Note  3),  and  a  reflux  condenser.  The  top  of  the  condenser  is  connected  to  a 
three-way  stopcock  with  one  branch  connected  to  a  nitrogen  source  and  the 
other  to  a  variable  pressure  oil  pump  with  a  dry-ice  trap  (Note  4).  The 
apparatus  is  flamed  dry  under  a  steady  stream  of  nitrogen.  The  flask  is 
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charged  with  836  mL  (1.07  mol)  of  a  1.28  M  solution  of  n-butyllithium  in 
hexane  (Note  5).  The  bulk  of  the  hexane  is  removed  at  reduced  pressure  with 
stirring  until  a  thick  oil  is  obtained  (Note  6).  The  system  is  carefully 
recharged  with  nitrogen.  The  n-butyllithium  is  then  cooled  in  an  ice  bath  and 
500  mL  of  anhydrous  ether  is  added  (Note  7),  followed  by  160  mL  of  tetra- 
methyl ethylenedi ami ne  (Note  8).  The  mixture  is  stirred  for  a  few  minutes  and 
34  mL,  29.14  g  (0.404  mol)  of  2-methyl -2-propen-l-ol  (Note  9)  is  added  drop- 
wise  via  a  syringe  over  22  min  (Note  10).  An  immediate,  vigorous  reaction 
occurs  and  the  lithium  alkoxide  precipitates  as  a  white  solid.  Approximately 
350  mL  of  tetrahydrofuran  (Note  11)  is  added  and  the  resultant  slightly  cloudy 
yellow  solution  is  allowed  to  warm  to  room  temperature  over  ca.  4  hr  (Note 
12).  The  reaction  is  stirred  for  39  hr  (Note  13)  at  which  time  the  dianion 
separates  as  a  dark  red  gummy  material  from  the  deep  orange  solution.  The 
mixture  is  cooled  to  ca.  -30°C  (Note  14)  and  230  mL  (1.81  mol)  of  chlorotri- 
methylsilane  (Note  15)  is  added  all  at  once  over  ca.  20  sec.  The  reaction 
turns  milky  white  (Note  16).  After  5  min,  the  dry  ice  bath  is  removed  and  the 
mixture  is  stirred  for  a  further  15  min  at  room  temperature.  The  reaction 
mixture  is  added  in  two  portions  with  swirling  to  1.5  L  of  ether  in  two  2-L 
conical  flasks,  after  which  1  L  of  saturated  aqueous  sodium  bicarbonate  is 
added  very  carefully  to  destroy  excess  chi orotrimethyl si  1 ane  (Note  17).  The 
two  layers  are  separated  and  the  aqueous  phase  is  extracted  with  a  further  1.5 
L  of  ether.  The  combined  organic  layer  is  then  washed  with  1  L  of  water,  two 
1-L  portions  of  saturated  aqueous  copper  sulfate  solution  and  400  mL  of 
water.  The  solution  is  dried  over  anhydrous  potassium  carbonate  and  the 
solvent  is  removed  by  atmospheric  distillation  (Note  18).  Careful  distil¬ 
lation  of  the  residual  oil  through  a  27-cm  Vigreux  column  at  reduced  pressure 
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gives  a  forerun  of  4.25  g,  bp  29-57°C  (4  mn) ,  and  45.8  g  (52%)  of  2-(trimethy- 
1 s 11 oxy)allyl trimethyl si  1 ane  as  a  colorless  liquid,  bp  57-59°C  (4  mm)  (Note 
19). 

B.  2- (Hydroxymethyl) allyltrimethyl silane .  A  500-mL  round-bottomed  flask 
equipped  with  a  magnetic  stirring  bar  is  charged  with  21.10  g  (0.0975  mol)  of 
2-( trimethyl si  1 oxymethyl )al lyl trimethyl sil ane  in  170  mL  of  tetrahydrofuran 
(Note  11)  and  44  mL  of  ca.  1  N  aqueous  sulfuric  acid  (Note  20).  The  resultant 
two-phase  mixture  is  then  stirred  vigorously  for  1.5  hr  at  room  temperature. 
Solid  anhydrous  potassium  carbonate  is  added  carefully  until  bubbling 
subsides.  The  layers  are  separated  and  the  aqueous  layer  is  extracted  with 
100  mL  of  ether.  The  combined  organic  layers  are  dried  over  anhydrous  potas¬ 
sium  carbonate  and  distilled  at  atmospheric  pressure  to  remove  the  solvents 
(Note  18).  The  remaining  liquid  is  distilled  at  reduced  pressure  to  give  a 
forerun,  0.4  g,  bp  22-54°C  (4  nm) ,  and  10.95  g  (78%)  of  2- ( hydroxymethyl )- 
al lyl trimethyl sil ane  as  a  colorless  liquid,  bp  54-56°C  (2  mm)  (Note  21). 

2 .  Notes 

1.  All  glassware  was  dried  in  an  oven  at  over  100°C  overnight. 

2.  The  use  of  a  magnetic  stirrer  is  not  advisable  since  the  formation  of 
the  gum-like  dianion  prevents  efficient  stirring.  A  mechanical  stirrer  with  a 
ground-glass  shaft  bearing  lubricated  with  mineral  oil  is  recommended. 

3.  The  funnel  is  capped  with  a  rubber  septum.  For  ease  of  operation, 
volume  markings,  corresponding  to  the  amounts  of  reagents  to  be  added,  are  put 
on  the  addition  funnel. 
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4.  The  function  of  the  trap  is  to  condense  the  hexane  from  the  n-butyl- 

lithium  solution.  The  checkers  used  a  1-L  three-necked  flask  fitted  with  a 
short  delivery  tube  (a  quick  fit  air  bleed  tube  was  used),  stopper,  and  rubber 
tubing  connection.  The  submitters  used  a  water  aspirator  and  a  1-L  filter 

flask  with  a  drying  tower  between. 

5.  n-Butyl 1 i thi urn  in  hexane  was  purchased  by  the  checkers  from  Pfizer 

Chemicals  Ltd.,  UK,  and  manufactured  by  the  Lithium  Corporation  of  America. 

It  was  titrated  using  the  double  titration  method  with  di bromoethane  and 
transferred  to  the  addition  funnel  using  a  cannula.  The  submitters  used  a 
1.58  M  solution  from  the  Foote  Mineral  Company;  they  found  that  the  yield  of 
product  was  reduced  to  ca.  42%  when  only  two  equivalents  of  the  lithium 

reagent  were  used. 

6.  One  should  try  to  remove  as  much  hexane  as  possible  from  the  n-butyl- 
lithium  solution  (i .e.  greater  than  90%)  because  the  purity  of  the  product 
depends  on  the  polarity  of  the  reaction  medium.  A  warm  water  bath  was  used  to 
facilitate  solvent  removal.  The  checkers  used  a  variable  pressure  oil  pump 
with  the  vacuum  adjusted  to  ca.  10-20  mm. 

7.  Ether  was  distilled  from  sodium  ketyl  of  benzophenone.  The  disso¬ 
lution  of  n-butyllithium  in  ether  was  slightly  exothermic. 

8.  Tetramethyl ethyl enedi amine  was  obtained  from  Aldrich  Chemical  Company 
and  distilled  from  calcium  hydride  before  use. 

9.  2-Methyl -2-propen-l-ol ,  purchased  from  Aldrich  Chemical  Company,  was 
distilled  from  anhydrous  potassium  carbonate.  It  was  added  directly  to  the  n- 
butyllithium  solution  using  a  long  needle.  The  checkers  quickly  replaced  the 
pressure-equalizing  dropping  funnel  with  a  serum  cap  to  carry  out  this  addi¬ 
tion.  The  funnel  was  fitted  to  a  small  dry  flask  to  prevent  the  introduction 
of  moisture  during  the  addition  period  and  replaced  on  the  reaction  flask 
immediately  afterwards. 
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10.  The  reaction  of  the  alcohol  with  n-butyllithium  is  quite  vigorous 
with  evolution  of  butane. 

11.  Tetrahydrofuran  was  distilled  from  sodium  ketyl  of  benzophenone . 

12.  The  checkers  renewed  the  ice  bath  when  additions  were  complete  and 
allowed  the  flask  to  remain  in  the  ice  bath  without  addition  of  fresh  ice. 

13.  Dianion  formation  appears  to  be  essentially  complete  within  24  hr. 
However,  a  reaction  time  of  36  hr  is  recommended  by  the  submitters  to  ensure 
complete  reaction. 

14.  An  extremely  violent  reaction  is  observed  if  the  dianion  is  quenched 
above  0°C,  with  ether  boiling  off  at  an  uncontrollable  rate.  The  submitters 
observed  that  if  the  chlorotrimethylsilane  addition  is  performed  at  a  lower 
temperature,  the  reaction  temperature  will  remain  below  that  of  the  boiling 
point  of  ether.  A  dry-ice  bath  made  up  of  80:20  (v/v)  ethanol -water  was  used; 
the  checkers  measured  a  bath  temperature  of  -55°C  and  kept  the  reaction  in  the 
bath  for  15  min  before  adding  chlorotrimethylsilane. 

15.  Chlorotrimethylsilane  was  distilled  from  tributylamine  before  use. 
Both  of  these  reagents  were  obtained  from  the  Aldrich  Chemical  Company. 

16.  The  submitters  observed  the  appearance  of  a  brown  color  at  this 
point.  The  checkers  obtained  a  brown  color  only  after  the  reaction  mixture 
was  added  to  ether.  In  a  run  at  half  scale  the  reaction  mixture  remained 
milky  white  for  35  min  and  turned  brown  only  when  ether  (500  mL)  was  added  to 
it. 

17.  The  submitters  observed  more  precipitate  on  dilution  with  ether  and 
recommended  that  the  aqueous  workup  be  performed  in  a  hood. 

18.  The  submitters  distilled  most  of  the  solvent  using  a  bath 
temperature  increasing  up  to  100°C.  The  checkers  used  a  rotary  evaporator 
with  a  hot  water  bath . 
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19.  A  variable  pressure  oil  pump  was  used  in  this  distillation. 

Approximately  10  g  of  a  volatile  component,  consisting  mostly  of  hexamethyl- 
disiloxane,  was  obtained  at  room  temperature  (15  nin)  before  the  forerun.  The 
forerun  contained  the  desired  product  and  mineral  oil  from  the  n-butyll ithium 
solution.  The  pot  residue  was  about  5  g.  The  submitters  find  the  disilyl 
compound  thus  obtained  is  contaminated  with  a  trace  amount  of  mineral  oil  and 
4-6%  of  a  vinylsilane,  probably  2-methyl-l-trimethylsiloxy-3-trimethylsilyl-2- 
propene.  This  impurity  becomes  quite  significant  if  the  reaction  medium  is 
less  polar  than  the  one  described  (e.g.,  too  much  hexane  from  n-butyl 1 i thium 

is  allowed  to  remain  behind).  The  spectral  properties  of  the  desired  product 

determined  by  the  checkers  are  as  follows:  IR  (neat)  cm-*:  2955,  1643, 

1636,  1250,  1085,  885-830;  NMR  ( chi oroform-d,  90  MHz)  6:  0.03  (s,  9  H, 

CH2Si(CH3)3),  0.14  (s,  9  H,  0Si(CH3)3),  1.50  (broad  s,  2  H,  CH2-Si  ( CH3)3) , 
3.93  (broad  s,  2  H,  CH2-0Si  (CH3)3) ,  4.62  (m,  1  H,  vinyl  H),  4.92  (m,  1  H, 
vinyl  H). 

The  checkers  observed  small  NMR  peaks  assigned  to  mineral  oil  at  6  0.9 
and  1.28  and  peaks  assigned  to  2-methyl -1-trimethyl  si  1 oxy-3- trimethyl  si  lyl -2- 
propene  at  6  1.87  and  4.1.  When  the  reaction  was  carried  out  at  half  scale 
the  quantity  of  the  latter  impurity  was  not  measurable  from  the  NMR  integral; 
however,  a  run  at  full  scale  gave  about  10%  of  the  impurity  as  estimated  from 
the  NMR  integral.  The  product  from  the  run  at  half  scale  had  bp  56-57°C  (2 
mm),  submitters  bp  65°C  (5.5  mm). 

20.  The  acid  solution  was  prepared  by  adding  13.5  mL  of  concentrated 
sulfuric  acid  to  500  mL  of  distilled  water. 

21.  A  variable  pressure  pump  is  used  for  the  distillation.  The  forerun 
consisted  of  mineral  oil  contaminant  and  product.  The  allylic  alcohol  is  not 
very  stable  at  room  temperature  but  can  be  kept  indefinitely  in  the  refrig- 
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erator  at  0  to  -6°C.  The  spectral  properties  of  the  alcohol  were  determined 
by  the  checkers  as  follows:  IR  (neat)  cm'-*-;  3600-3100,  2950,  1643,  1637, 

1247  ,  1050,  885-830;  lH  NMR  ( chi oroform-d) ,  90  MHz)  6:  0.02  (s,  9  H, 
C  H  2  S  i  ( CH3 )  3 ) ,  1.51  (s,  2  H,  CH2-Si  (CH3)3) ,  2.16  (broad  s,  1  H,  OH),  3.92 
(broad  s,  2  H,  CH2-0H),  4.62  (m,  1  H,  vinyl  H) ,  4.98  (m,  1  H,  vinyl  H). 

The  checkers  observed  small  NMR  peaks  assigned  to  mineral  oil  at  6  0.82 
and  1.51  and  peaks  assigned  to  2-methyl-l-trimethylsiloxy-3-trimethylsilyl-2- 
propene  at  6  0.10,  1.87  and  4.1.  When  the  reaction  was  carried  out  at  half 
scale  the  quantity  of  the  latter  impurity  was  reduced;  the  product  from  the 
run  at  half  scale  had  bp  54-55°C  (3  mm),  submitters  bp  53-54°C  (1.6  mm). 

3.  Discussion 

Compound  1,  2- ( hydroxymethyl )allyltrimethyl silane,  represents  a  con¬ 

junctive  reagent  which  can  be  considered  as  the  equivalent  of  zwitterion  2, 
possessing  a  nucleophilic  ally!  anion  synthon  and  an  electrophilic  ally! 


cation  synthon  in  the  same  molecule.  It  has  been  employed  in  a  three-carbon 
condensative  ring  expansion  reaction,2  a  [3+2]  annul ati on  with  cyclic 
enones,3’4  and  the  total  synthesis  of  coriolin.5  Acetylation  of  the  allylic 
alcohol  gives  2-( acetoxymethyl )al lyl trimethyl  si 1 ane,  which  undergoes  palla¬ 
dium^)  catalyzed  annulation  with  electron  deficient  olefins  to  produce 
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methyl enecycl opentanes  via  the  trimethylenemethane-pal ladium  complex.^  This 
cycloaddition  has  served  as  a  key  step  in  synthetic  approaches  directed  toward 
natural  products  such  as  brefeldin  A6  and  albene.7 

The  present  procedure  provides  a  convenient  two-step  route  to  2-(hydroxy- 
methyl )al lyltri methyl  si  1 ane  using  relatively  inexpensive  reagents.  Other 
approaches  require  more  steps  and  expensive  chloromethyltrimethylsilane.^’^ 

Dianion  formation  from  2-methyl -2-propen-l-ol  seems  to  be  highly  depen¬ 
dent  on  reaction  conditions.  Silylation  of  the  di anion  generated  using  a 
previously  reported  method9  was  unsuccessful  in  our  hands.  The  procedure 
described  here  for  the  metal ati on  of  the  allylic  alcohol  is  a  modification  of 
the  one  reported  for  formation  of  the  di anion  of  3-methyl -3-buten-l-ol  The 
critical  variant  appears  to  be  the  polarity  of  the  reaction  medium.  In  sol¬ 
vents  such  as  ether  and  hexane,  substantial  amounts  (15-50%)  of  the  vinyl - 
silane  3  are  observed.  Very  poor  yields  of  the  desired  product  were  obtained 
in  dimethoxyethane  and  hexamethylphosphoric  triamide,  presumably  because  of 
the  decomposition  of  these  solvents  under  these  conditions.  Empirically,  the 
optimal  solvent  seems  to  be  a  mixture  of  ether  and  tetrahydrofuran  in  a  ratio 
(v/v)  varying  from  1.4  to  2.2;  in  this  case  3  becomes  a  very  minor  component. 

A  similar  procedure  has  been  employed  to  silylate  the  dianion  of  3- 
methyl -3-buten-2-ol  (67%  yield). ^  In  systems  where  such  internal  activation 
is  not  possible  (e.g.  2-methyl -2-cyclohexen-l-ol ),  dianion  formation  can  be 
performed  in  hexane  to  give  a  75%  yield  of  the  correspondi ng  disilyl 

1  o 
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Appendix 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 

n-Butyl 1 ithium:  Lithium,  butyl-  (8,9);  (109-72-8) 

Tetramethyl ethyl enedi ami ne :  Ethylenediamine,  N, N , N 1 ,N 1 -tetramethyl -  (8); 
1,2-Ethanediamine,  N,N,N’ ,N‘ -tetramethyl -  (9);  (110-18-9) 

2-Methyl -2-propen-l-ol :  2-Propen -l-ol  ,  2-methyl-  (8,9);  (513-42-8) 
Chlorotrimethylsilane:  Silane,  chlorotrimethyl -  (8,9);  (75.77.4) 

2-( Acetoxymethyl )al ly It ri methyl  si  1 ane :  2-Propen -l-ol ,  2-[(tri methyl  si lyl  )- 
methyl]-,  acetate  (10);  (72047-94-0) 
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REDUCTIVE  ARYL ATI OH  OF  ELECTRON-DEFICIENT  OLEFINS: 
4- ( 4-CHL0R0PHENYL ) BUTAN-2-ONE 
(2-Butanone,  4-(4-chlorophenyl )-) 


Submitted  by  Attilio  Citterio. 

Checked  by  Robert  Haessig,  Leo  Widler,  and  Dieter  Seebach. 

1.  Procedure 

Caution!  Like  all  vinyl  monomers,  3-buten-2-one  is  toxia  and  the 
preparation  should  be  carried  out  in  a  well-ventilated  hood. 

A  500-mL,  four-necked,  round-bottomed  flask  equipped  with  a  magnetic 
stirring  bar,  a  thermometer,  a  gas  inlet,  an  externally  cooled,  pressure¬ 
equalizing  dropping  funnel  (Note  1),  and  a  gas  bubbler  is  charged  with  15% 
aqueous  titanium  trichloride  (92  mL,  0.109  mol)  (Note  2).  N,N-Dimethyl - 
formamide  (Note  3)  (70  mL)  is  added  during  45  min  with  stirring  and  cooling 
(ice-bath;  0-5°C)  while  nitrogen  is  bubbled  through  the  solution.  Freshly 
distilled  3-buten-2-one  (5.7  mL,  0.066  mol)  is  added  at  0-5°C  by  syringe.  The 
nitrogen  flow  is  stopped,  and  4-chlorobenzenediazonium  chloride  solution 
(0.044  mol)  (Note  4)  is  added  dropwi se  at  0-5°C  from  the  dropping  funnel. 
After  2-3  min,  nitrogen  evolution  commences,  and  the  rate  of  addition  is 
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adjusted  so  that  1-2  bubbles/sec  are  vented  through  the  bubbler.  Nitrogen 
evolution  continues  for  20  min  after  the  addition  is  complete  (1.5  hr).  The 
ice-bath  is  removed  and  the  solution  stirred  for  1  hr  at  room  temperature. 

Ether,  50  mL,  is  added  with  stirring,  and  the  organic  phase  is  separated.  The 
aqueous  phase  is  extracted  with  ether  (3  x  50  mL)  and  the  combined  organic 
extracts  are  washed  with  3%  aqueous  Na2C03  (2  x  30  mL)  and  water,  dried  over 
magnesium  sulfate,  and  concentrated  under  reduced  pressure.  The  residue  is 
distilled  to  give  5. 2-6.0  g  (65-75%  yield)  of  4-(4-chlorophenyl )butan-2-one  as 
a  pale-yellow  liquid,  bp  90-91°C  (0.5  mm)  (Note  5). 

2 .  Notes 

1.  The  checkers  used  a  dropping  funnel  with  temperature-control  jacket 

(Normag  N  8055,  Otto  Fritz  GmbH,  Normschl i ff-Aufbaugerate  (Normag),  D-6238 
Hofheim  am  Taunus). 

2.  The  15%  titanium  trichloride  solution  was  purchased  from  Carlo  Erba 

Chemicals  or  from  Merck  &  Company,  Inc.,  but  can  also  be  prepared  by 

dissolving  metallic  titanium  in  20%  aqueous  hydrochloric  acid2  or  by 
dissolving  solid  titanium  trichloride  in  1  M  aqueous  hydrochloric  acid. 
Titanium(III)  sulfate  (from  BDH  Chemicals  Ltd.)  can  also  be  used.  All 

ti tarn* um( III)  solutions  were  titrated  with  aqueous  cerium(IV)  sulfate  prior  to 
use. 

3.  N,N-Dimethyl formamide  from  Carlo  Erba  Chemicals,  from  Fluka  AG,  or 
from  Merck  &  Company,  Inc.  was  used  as  received.  Other  solvents  (for  example, 
acetone,  acetic  acid,  acetonitrile)  can  also  be  used. 
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4.  The  4-chl orobenzenedi azoni um  chloride  solution  is  prepared  as 
follows:  finely  powdered  4-chloroaniline  (5.65  g,  0.044  mol)  is  suspended  in 
18  mL  of  24%  aqueous  hydrochloric  acid  and  cooled  to  0°C.  Sodium  nitrite  (3.2 
g,  0.046  mol)  in  water  (7  mL)  is  added  dropwise  during  45  min  at  0-5°C  to  give 
a  pale  yellow  solution  of  the  di azoni um  salt. 

5.  The  physical  properties  of  the  product  are  as  follows:  n^5  1.5251; 

IR  (liquid  film)  an"1:  1715;  ^  NMR  (CDC1 3)  6;  2.0  (s,  3  H) ,  2. 6-2. 8  (m,  4 

H),  6. 8-7. 3  (m,  4  H);  mass  spectrum  m/e:  182  (M);  semicarbazone,  mp  165°C 

(164-165. 5°C^) .  GLC  analysis  (glass  capillary  column,  20  m,  pluronic  L-64, 

program:  120-200°C  at  5°C/min):  >99%  pure. 

3.  Discussion 

This  synthesis  is  only  one  example  of  a  wide  range  of  reactions  which 
involve  aryl  (or  alkyl)  radical  addition  to  electron-deficient  double  bonds 
resulting  in  reduction. 3,5,6  corresponding  oxidative  reaction  using  aryl 

radicals  is  the  well  known  Meerwein  reaction, ^  which  uses  copper(II)  salts. 

General  arylation  reactions  are  summarized  by  the  following  equations  and 
some  specific  examples  are  presented  in  Table  I. 
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Homolytic  cleavage  of  diazonium  salts  to  produce  aryl  radicals  is  induced 
by  ti tan i um( III)  salt,  which  is  also  effective  in  reducing  the  a-carbonyl al kyl 
radical  adduct  to  olefins,  telomerization  of  methyl  vinyl  ketone,  and  dimer¬ 
ization  of  the  adduct  radicals.  The  reaction  can  be  used  with  other  electron- 
deficient  olefins,  but  telomerization  or  dimerization  are  important  side 
reactions. 

Other  limitations  of  the  reaction  are  related  to  the  regioselectivity  of 
the  aryl  radical  addition  to  double  bond,  which  is  mainly  determined  by  steric 
and  radical  delocalization  effects.®  Thus,  methyl  vinyl  ketone  gives  the  best 
results,  and  lower  yields  are  observed  when  bulky  substituents  are  present  in 
the  ^-position  of  the  alkene.  However,  the  method  represents  complete 
positional  selectivity  because  only  the  g-adduct  radicals  give  reductive 
arylation  products  whereas  the  a-adduct  radicals  add  to  diazonium  salts, 
because  of  the  different  nucleophilic  character  of  the  alkyl  radical 
adduct.® 

The  product  described  here,  4-(4-chlorophenyl )butan-2-one,  was  previously 
prepared  in  the  following  ways:  a)  by  reduction  of  the  corresponding 

benzalacetone,10  b)  by  catalyzed  decarbonyl ati on  of  4-chlorophenylacetaldehyde 
by  HFe(C0)4  in  the  Presence  of  2,4-pentanedione,11  c)  by  reaction  of  4- 
chlorobenzyl  chloride  with  2,4-pentanedione  under  basic  catalysis  (K2CO3  in 
EtOH),4  d)  by  reaction  of  4-chl orobenzyl  chloride  with  ethyl  3-oxobutanoate 
under  basic  catalysis  (LiOH),12  and  e)  by  reaction  of  3-(4-chlorophenyl  )- 
propanoic  acid  with  methyl  1 i thi urn.13 
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TABLE  I 


REDUCTIVE  ARYLATION  OF  ELECTRON-DEFICIENT  OLEFINS  BY  ARENEDI AZONIUM 
SALTS  INDUCED  BY  TIT  AN I UM ( III)  SALTS 


x-<g>-N2® 

X 

R1  Y 

R 

R' 

Y 

yield3 

(%) 

4-OCH3 

H 

H 

COCH3 

65 

H 

H 

H 

COCH3 

75 

4-Br 

H 

H 

COCH3 

68 

4-COCH3 

H 

H 

COCH3 

72 

4-C1 

H 

H 

CHO 

63 

4-C1 

ch3 

H 

COCH3 

44 

4-C1 

ch(ch3)2 

H 

COCH3 

28 

4-C1 

c(ch3)3 

H 

COCH3 

14 

4-C1 

ch3 

ch3 

COCH3 

12 

4-C1 

Ph 

H 

COCH3 

18 

4-C1 

H 

H 

CN 

25b 

4- Cl 

H 

H 

COOH 

33b 

4-C1 

H 

H 

COOEt 

32b 

aFrom  the  diazonium  salt.  b  Telomers  are  formed;  the  reactions  are  carried 
out  with  twice  the  amount  of  ti tani um( III)  salt. 
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Appendi x 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 


4- ( 4-Chl orophenyl )butan-2-one: 

2- Butanone,  4- ( 4- chi orophenyl )- 

3- Buten-2-one  (8,9);  (78-94-4) 
Titanium  trichloride:  Titanium 


2-Butanone,  4-( p-chl orophenyl )-  (8); 
(9);  (3506-75-0) 

chloride  (8,9);  (7705-07-9) 
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SELECTIVE  HALOGEN-LITHIUM  EXCHANGE  REACTIONS 


OF  2-(2'-HAL0PHENYL)ETHYL  HALIDES: 

SYNTHESIS  OF  4,5-METHYLENEDIOXYBENZOCYCLOBUTENE  AND 
l-PHENYL-3 .4-DIHYDR0-6 ,7-METHYLENEDIOXYISOQUINOLINE 
(Cyclobuta[/]-l,3-benzodioxole,  5,6-dihydro-  and 
1 ,3-di oxol o[4 ,5- g ] i soqui no!  i ne ,  7 ,8- di hydro-5- phenyl - ) 


B.  1 


-70°  to 
- 

25°  C 


C.  1  +  P  hC  =  N 


Submitted  by  Dennis  J.  Jakiela,  Paul  Helquist, 
Checked  by  Neville  D.  Emslie  and  Ian  Fleming. 
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1.  Procedure 


A.  2- (2 ' -Lithio-4  ' ,5  ' -methylenedioxyphenyl) ethyl  chloride.  A  500-mL, 
three-necked,  round -bottomed  flask,  equipped  with  a  magnetic  stirring  bar,  50- 
mL  pressure-equalizing  addition  funnel  (Note  1),  low  temperature  thermometer, 
and  a  three-way  stopcock  having  a  vertically-oriented  tube  capped  with  a 
rubber  septum  and  a  horizontal  tube  connected  to  a  source  of  dry  nitrogen  and 
vacuum,  is  charged  with  10.0  g  (37.9  mmol)  of  2-(2‘-bromo-4' ,5‘-methylenedi  - 
oxyphenyl )ethyl  chloride  (Note  2).  The  assembled  apparatus  is  evacuated  and 
refilled  with  nitrogen  three  times.  Freshly  distilled  diethyl  ether  (200  mL) 
(Note  3)  is  added  to  the  flask  by  means  of  a  double-ended  needle  (0.5  m  in 
length)  inserted  through  the  vertical  tube  of  the  stopcock  while  a  slight 
vacuum  is  applied  to  the  apparatus.  A  slightly  positive  pressure  of  nitrogen 
is  then  maintained  in  the  apparatus  throughout  the  course  of  the  reaction. 
The  solution  is  cooled  in  a  dry  ice-acetone  bath  (Note  4).  The  glass  jacket 
(or  styrofoam  cup)  (Note  1),  which  surrounds  the  addition  funnel,  is  filled 
with  powdered  dry  ice,  and  33  ml  of  a  2.3  M  solution  of  tert-butyl lithium  (76 
mmol)  in  pentane  (Note  5)  is  added  to  the  addition  funnel  by  means  of  a 
syringe.  After  10  min  the  lithium  reagent  is  added  dropwise  to  the  flask  over 
a  period  of  1  hr,  while  the  temperature  of  the  reaction  mixture  is  maintained 
below  -60°C.  The  solution  of  the  resulting  aryllithium  reagent  1  is  then  used 
in  either  of  the  two  reactions  described  below. 

B.  4,5-Methylenedioxybenzocyclobutene.  The  reaction  mixture  from  Part  A 
is  simply  allowed  to  warm  to  room  temperature  over  a  period  of  several  hours, 
during  which  time  a  white  precipitate  forms.  After  18  hr,  100  mL  of  water  is 
slowly  added  and  the  mixture  is  transferred  to  a  500-mL  separatory  funnel.  As 
the  mixture  is  shaken,  the  solid  dissolves  in  the  aqueous  phase,  which  becomes 
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light  brown.  The  aqueous  layer  is  extracted  with  two  75-mL  portions  of 
diethyl  ether,  and  the  combined  organic  layers  are  reduced  in  volume  to  150  mL 
by  rotary  evaporation,  washed  with  75  mL  of  water  and  then  75  mL  of  saturated 
aqueous  sodium  chloride  solution,  dried  over  magnesium  sulfate,  filtered,  and 
concentrated  to  dryness  by  rotary  evaporation  to  give  5.6  g  of  pale  yellow 
solid  (Note  6).  This  crude  product  is  transferred  to  a  large,  dry  ice-cooled 
sublimation  apparatus  (Note  7)  and  sublimed  over  a  6  hr  period  at  35°C  (0.07 
mm)  at  which  time  a  dark  brown  oil  remains  in  the  bottom  of  the  apparatus. 
The  vacuum  is  released  by  filling  the  apparatus  with  nitrogen,  and  the  cooled 
portion  of  the  apparatus  is  allowed  to  warm  to  room  temperature.  Pure  4,5- 
methyl  enedioxybenzocyclobutene,  2  (5. 1-5. 2  g,  91-93%)  is  obtained  as  colorless 
crystals,  mp  60-62°C  (Note  8). 

C.  l-Phenyl-3,4-dihydro-6,7-methylenedioxyisoquinoline.  The  reaction 
mixture  containing  the  aryl  lithium  intermediate  is  stirred  for  15  min 
(internal  temperature  -65  to  -68°C),  and  then  4.3  mL  (42  mol)  of  distilled 
benzonitrile  is  added  quickly.  The  mixture  is  allowed  to  warm  gradually  to 
room  temperature  and  the  stirring  is  continued  overnight.  The  yellow  solution 
(Note  9)  is  diluted  with  25  mL  of  ether,  the  mixture  is  poured  into  a  1-L 
separatory  funnel,  and  the  reaction  flask  is  rinsed  with  an  additional  75  mL 
of  ether.  The  combined  ether  solutions  are  washed  with  150  mL  of  water  and 
then  extracted  with  three  75-mL  portions  of  10%  (w/w)  hydrochloric  acid.  The 
combined  acid  extracts  are  made  basic  by  the  addition  of  100  mL  of  20%  (w/w) 
aqueous  sodium  hydroxide  solution,  and  the  resulting  milky  white  mixture  is 
extracted  with  three  75-mL  portions  of  dichl oromethane.  The  combined  organic 
extracts  are  washed  with  50  mL  of  water  and  50  mL  of  saturated  aqueous  sodium 
chloride  solution,  dried  over  magnesium  sulfate,  and  concentrated  to  dryness 
by  rotary  evaporation,  to  give  8.96  g  (94%  crude  yield)  of  orange- tan  solid. 
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This  material  is  purified  by  recrystallization  from  ethyl  acetate : acetone  2:1 
(v:v)  to  give  a  first  crop  (6.8  g),  and  by  flash  chromatography-^  of  the 
residue  from  the  mother  liquor,  using  150  g  of  230-400  mesh  silica  gel 
(Merck),  a  40-mm  diameter  column,  and  elution  with  10:1  (v:v)  ethyl 

acetate :methanol  .  A  fast  moving  orange  band  and  a  slower  moving  lemon-yellow 
band  can  be  clearly  seen  on  the  column.  The  lemon-yellow  band  is  collected 
from  the  column  and  evaporation  gives  a  second  crop  (1.4  g)  of  comparably  pure 
material.  The  total  yield  of  the  pale  yellow  isoquinoline  is  8.2  g  (86%),  mp 
135-137°C  (Note  10). 


2.  Notes 

1.  The  checkers  used  a  home-made,  gl ass-jacketed  funnel  sealed  with  a 
rubber  septum.  The  submitters  cut  one  side  and  part  of  the  bottom  of  a 
styrofoam  cup  and  with  tape  held  this  in  place  around  the  lower  part  of  the 
addition  funnel. 

2.  This  starting  material  is  prepared  in  three  steps  from  commercially 
available  (from  Research  Organic/Inorganic  Chemical  Corp.,  Belleville,  NJ) 
3, 4-methyl enedioxyphenyl acetic  acid  according  to  well-established  procedures 
that  have  been  applied  to  similar  compounds. ^  First,  16.0  g  (88.8  mmol)  of 
the  acid,  recrystallized  from  chloroform,  is  dissolved  in  50  mL  of  tetra- 
hydrofuran,  and  the  solution  is  added  to  a  suspension  of  5.98  g  (158  mmol)  of 
lithium  aluminum  hydride  powder  in  225  mL  of  distilled  diethyl  ether  (Note  3) 
at  0°C.  [ Caution :  Lithium  aluminum  hydride  is  very  sensitive  to  mechanical 
shock  and  very  reactive  towards  moisture  and  other  protic  substances ;  its  dust 
is  very  irritating  to  skin  and  mucous  membranes .  It  should  not  be  allowed  to 
come  into  contact  with  metallic  species  or  apparatus,  including  metal 
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spatulas ,  because  of  the  potential  danger  of  metal  ion-promoted  detonation.] 
The  mixture  is  stirred  at  25°C  for  16  hr  and  is  then  quenched5  by  the  careful, 
dropwise  addition  of  6  mL  of  15%  aqueous  sodium  hydroxide,  and  finally  18  mL 
of  water.  [ Caution :  The  reaction  of  excess  lithium  aluminum  hydride  with 
water  is  very  exothermic  and  produces  a  large  volume  of  hydrogen  gas.]  The 
resulting  mixture  is  stirred  for  1  hr  and  is  then  subjected  to  vacuum  fil¬ 
tration.  The  white  solid  which  is  retained  is  washed  with  three  50-mL 
portions  of  diethyl  ether,  and  the  combined  filtrates  are  concentrated  by 
rotary  evaporation  to  give  13.1  g  (89%)  of  2- ( 3 1 ,4 '-methylenedioxyphenyl  )- 
ethanol  as  a  clear,  yellow  oil,  bp  136-140°C  (0.003  mm).  Next,  12.7  g  (76.5 
mmol)  of  this  compound  and  7.4  mL  (91.5  mmol)  of  pyridine  are  dissolved  in  200 
mL  of  di chi oromethane  at  0°C,  and  4.3  mL  (83.9  mmol)  of  neat  bromine  is  added 
to  the  solution  over  a  4-min  period.  After  the  solution  has  been  stirred  at 
25°C  for  16  hr,  it  is  washed  with  three  50-mL  portions  of  2N  hydrochloric 
acid,  two  50-mL  portions  of  saturated  aqueous  sodium  sulfite,  two  50-mL 
portions  of  water,  and  50  mL  of  saturated  aqueous  sodium  chloride.  The 
organic  layer  is  then  dried  over  anhydrous  magnesium  sulfate  and  concentrated 
by  rotary  evaporation  to  give  18.6  g  (99.5%)  of  yellow  solid.  Recrystalli¬ 
zation  from  a  mixture  of  160  mL  of  hexane  and  60  mL  of  ethyl  acetate  gives 
14.6  g  (78%)  of  2-(2  '-bromo-4 1 ,5'-methylenedioxyphenyl )ethanol  as  light  yellow 
needles:  mp  93-94 °C.  Finally,  9.95  mL  (123  mmol)  of  distilled  pyridine  and 
8.75  mL  (120  mmol)  of  distilled  thionyl  chloride  are  added  separately  to  a 
solution  of  14.4  g  (58.8  mmol)  of  the  preceeding  product  and  180  mL  of  chloro¬ 
form  at  25°C.  The  mixture  is  heated  at  reflux  for  18  hr,  cooled  to  25°C, 
washed  with  40  mL  of  1  N  hydrochloric  acid,  40  mL  of  5%  aqueous  sodium  car¬ 
bonate,  two  40-mL  portions  of  water,  and  40  mL  of  saturated  aqueous  sodium 
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chloride,  dried  over  anhydrous  magnesium  sulfate,  and  concentrated  by  rotary 
evaporation  to  give  14.0  g  (90%)  of  brown  crystals.  Distillation  gives  13.0  g 
(84%)  of  an  oil  (bp  130-134°C  at  0.006  nm) ,  which  solidifies  to  give  the  final 
product  as  colorless  crystals:  ^H-NMR  ( CDC1 3)  6:  3.08  (t,  2  H,  J  =  6.8), 
3.67  (t,  2  H,  J  =  6.8),  5.95  (s,  2  H),  6.74  (s,  1  H),  and  6.98  (s,  1  H);  mp 
47.0-47.5°C  (corrected). 

3.  Commercially  available  anhydrous  diethyl  ether  is  distilled  under 
nitrogen  from  a  solution  of  the  sodium  benzophenone  radical  anion  generated  by 
treating  a  solution  of  10  g  of  benzophenone  and  1  L  of  ether  with  10  g  of 
sodium  ribbon  until  a  dark  blue  or  purple  color  persists. 

4.  Although  the  dry  ice-acetone  bath  itself  attains  a  temperature  of 
-78°C,  the  lowest  temperature  achieved  by  the  solution  within  the  flask  is 
only  -68°C. 

5.  Caution:  tert-Butyllithium  is  pyrophoric  in  air ;  excess  quantities 
of  the  reagent  in  the  syringe  should  he  discarded  very  carefully .  The 
checkers  used  the  reagent  available  from  Aldrich  Chemical  Company  Ltd., 
England  and  standardized  it  by  double  titration  with  ethylene  dibromide  and 
hydrochloric  acid.^ 

6.  The  submitters  also  ran  the  reaction  on  smaller  scales  using  from  0.5 
g  to  5.0  g  of  starting  material  and  regularly  obtained  a  crude  yield  at  this 
stage  of  98-105%. 

7.  The  sublimation  apparatus  should  have  at  least  a  1-cm  separation 
between  the  upper  surface  of  the  crude  solid  to  be  sublimed  and  the  bottom  of 
the  cooling  surface  in  order  to  avoid  splattering  of  the  oily  residue  onto  the 
purified  product  near  the  end  of  the  sublimation  procedure. 

8.  The  product  showed  the  following  spectral  properties:  NMR  (CDCI3) 

6:  3.00  (s,  4  H),  5.75  (s,  2  H),  and  6.50  (s,  2  H). 
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9.  At  this  stage,  the  submitters  had  a  brick-red  reaction  mixture  which 
became  yellow  on  dilution  with  ether. 

10.  The  product  showed  the  following  spectral  properties:  H-NMR  ( CDC 1 3 ) 
6:  2.67  (t,  2  H,  J  =  7.5),  3.73  (t,  2  H,  J  =  7.5),  5.83  (s,  2  H),  6.63  (s,  2 
H) ,  and  7.37  (m,  5  H) . 


3.  Discussion 

The  halogen-metal  exchange  reaction  was  pioneered  by  Gilman  and  co¬ 
workers7  who  established  that  substituted  aryl  bromides  would  exchange 
efficiently  with  n-butyl 1 i thi urn  and  that  the  reaction  was  of  synthetic  value 
provided  that  the  substituent  was  not  reactive  toward  alkyl-  or  aryl  lithium 
reagents.  More  recently,  Parham4e>8  and  others4^’9  further  defined  the  scope 
and  limitations  of  this  reaction  by  demonstrating  that  haloarenes  substituted 
with  el ectron-wi thdrawing  (C02H,  CN,  C02R)  or  electron-donating  [OR,  0CH20, 
4CH2-)nX,  where  X  =  Br,  Cl]  functional  groups  would  selectively  exchange  with 
alkyllithium  reagents  at  low  temperature.  While  a  detailed  mechanistic  evalu¬ 
ation  is  not  within  the  scope  of  this  discussion,  the  halogen-metal  exchange 
reaction  has  been  shown  to  be  reversible  and  rapid  at  -75°C  and,  in  the 
exchange  of  alkyllithium  with  a  haloarene,  the  equilibrium  reaction  favors 
formation  of  the  1  i thioarene.7 >1(1 ,11 

As  exemplified  in  the  present  procedure,  the  reaction  has  been  optimized 
and  extended  in  scope;  it  affords  functionalized  benzocycl obutenes  as  well  as 
substituted  isoquinolines  in  high  yields.  Benzocycl obutenes  have  been  used  as 
intermediates  in  the  synthesis  of  many  naturally  occurring  alkaloids,12 
steroids,13  polycyclic  terpenoids,14  and  anthracycl ine  antibiotics.15  The 
traditional  routes  leading  to  the  preparation  of  benzocycl obutenes  have  been 
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reviewed-*-*’  and  have  involved:  (1)  Cava's  cyclization  of  o-quinodimethane 
intermediates  (via  reaction  of  sodium  iodide  with  a, a, a' ,a'-tetrabromo-o- 
xylene),  (2)  thermal  extrusion  of  sulfur  dioxide  from  1 ,3-dihydroisothia- 
naphthene  2,2-dioxide,  (3)  dehydrogenation  of  the  Diels-Alder  adducts  of  1,4- 
butadienes  and  cyclobutenes,  and  (4)  Wolff  rearrangement  of  a-diazoinda- 
nones.  More  recent  methods  include:  (1)  thermal  rearrangement  of  p- 

tolylcarbene,17  (2)  thermal  decomposition  of  3-isochromanones,12  and  (3) 
cobalt-catalyzed  cyclizations  of  acetylenic  compounds.18  Many  of  these 
methods  for  synthesizing  functionalized  benzocycl obutenes  involve  (a)  multi- 
step  routes,  (b)  unusual  or  relatively  unavailable  starting  materials,  (c)  low 
overall  yields,  or  (d)  special  apparatus.  The  method  of  halogen-metal 
exchange  demonstrates  a  high  degree  of  selectivity  for  formation  of  the 
lithioarene  intermediate,  is  broad  in  scope  without  loss  of  procedural 
simplicity,  and  provides  a  high-yield  route  to  benzocycl obutenes  of  general 
synthetic  utility  by  direct  cyclization  of  readily  available  2- ( 2 ’ -1 i thi o- 
phenyl)ethyl  chlorides. 4e,f,9b 

The  lithioarene  intermediate  has  also  been  shown  to  be  of  use  in  the 
synthesis  of  the  isoquinoline  ring  system.  This  ring  system  is  common  to  a 
variety  of  natural  products  which  possess  useful  physiological  activity. 
Several  methods  have  been  developed  for  the  synthesis  of  isoquinolines,  the 
most  commonly  used  routes  being  the  Bi schl er-Napieral ski  and  the  Pictet- 
Spengler  reactions.19’20  These  methods  involve  electrophilic,  aromatic 
substitution  in  the  key  ring- forming  steps  with  the  limitation  that  best 
results  are  obtained  only  when  the  aromatic  ring  bears  electron-donating 
substituents.  The  present  method  permits  use  of  substrates  either  with  or 
without  electron-donating  groups  on  the  aromatic  nucleus  since  generation  of 
the  lithioarene  has  been  shown  to  be  relatively  independent  of  the  nature  of 
the  substituents. 8a,d 
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Chem.  Commun.  1978,  379;  (b)  Barrett,  A.  G.  M.;  Barton,  D.  H.  R.;  Falck, 

J.  R.;  Papaioannou,  D.;  Widdowson,  D.  A.  J .  Chem.  Soa.  Pevkin  Tvans  I 
1979,  652;  (c)  Kozikowski,  A.  P. ;  Ames,  A.  J.  Ovg.  Chem.  1980,  45,  2548; 
(d)  Mendel  son,  W.  L.;  Spainhour,  C.  B.;  Jones,  S.  S.;  Lam,  B.  L.;  Wert, 

K.  L.  Tetvahedvon  Lett.  1980,  1393. 
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Appendix 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 


4.5- Methyl enedi oxybenzocycl obutene :  Cycl obuta[/]-l ,3-benzodi oxol e, 

5.6- dihydro-  (10);  (61099-23-8) 

1 -Phenyl -3 , 4- di hydro-6 ,7-methyl enedi oxyi soqui nol i ne:  1 , 3-D i oxol  o[4,5-g]i so- 
quinoline,  7 ,8-dihydro-5-phenyl-  (10);  (55507-10-3) 

3, 4-Methyl enedi oxyphenyl acetic  acid:  Acetic  acid,  [3, 4- (methyl ene¬ 
di  oxy)  phenyl  ]-  (8);  1 ,3-Benzodioxole-5-acetic  acid  (9);  (2861-28-1) 

Thionyl  chloride  (8,9);  (7719-09-7) 

tert-Butyll i thium:  Lithium,  tert-butyl-  (8);  Lithium,  ( 1 ,1-dimethyl  ethyl )- 
(9);  (594-19-4) 

Benzonitrile  (8,9);  (100-47-0) 
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CONJUGATE  ALLYLATION  OF  a, g-UNSATURATED  KETONES  WITH  ALLYLSILANES: 

4-PHENYL-6-HEPTEN-2-0NE 
(6-Hepten-2-one,  4-phenyl-) 

0 

^  11  ^  TiCI4 

+  Me3Si'^s^  - Ph 

Submitted  by  Hideki  Sakurai,  Akira  Hosomi ,  and  Josabro  Hayashi1. 

Checked  by  Todd  A.  Blumenkopf  and  Clayton  H.  Heathcock. 

1 .  Procedure 


A  2-L,  three-necked,  round-bottomed  flask  is  fitted  with  a  dropping 
funnel  (Note  1),  mechanical  stirrer,  and  reflux  condenser  attached  to  a 
nitrogen  inlet.  In  the  flask  are  placed  29.2  g  (0.20  mol)  of  benzal acetone 
(Note  2)  and  300  mL  of  dichloromethane  (Note  3).  The  flask  is  immersed  in  a 
dry  ice-methanol  bath  (-40°C)  and  22  mL  (0.20  mol)  of  titanium  tetrachl oride 
(Note  4)  is  slowly  added  by  syringe  to  the  stirred  mixture.  After  5  min,  a 
solution  of  30.2  g  (0.26  mol)  of  al lyl trimethyl sil ane  (Notes  5  and  6)  in  300 
mL  of  dichloromethane  is  added  dropwise  with  stirring  over  a  30-mi n  period. 
The  resulting  red- violet  reaction  mixture  is  stirred  for  30  min  at  -40°C  (Note 
7),  hydrolyzed  by  addition  of  400  mL  of  H20  and,  after  the  addition  of  500  mL 
of  ethyl  ether  with  stirring,  allowed  to  warm  to  room  temperature.  The  nearly 
colorless  organic  layer  is  separated  and  the  aqueous  layer  is  extracted  with 
three  500-mL  portions  of  ethyl  ether.  The  organic  layer  and  ether  extracts 
are  combined  and  washed  successively  with  500  mL  of  saturated  sodium 
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bicarbonate  and  500  mL  of  saturated  sodium  chloride,  dried  over  anhydrous 
sodium  sulfate  and  evaporated  at  reduced  pressure.  The  residue  is  distilled 
under  reduced  pressure  through  a  6-inch  Vigreux  column  to  give  29.2-30.0  g 
( 78-80%)  of  4- phenyl -6-hepten-2-one,  bp  69-71°C  (0.2  mm),  n^°  1.5156,  as  a 
colorless  liquid  (Note  8). 


2 .  Notes 

1.  A  500-mL  dropping  funnel,  with  pressure-equalizing  arm,  is  used. 

.2.  Benzal  acetone  is  purchased  from  Wako  Pure  Chemical  Ind.,  Ltd.,  or 
Aldrich  Chemical  Company,  Inc. 

3.  Dichloromethane  is  dried  over  anhydrous  calcium  chloride,  distilled, 

o 

and  stored  over  5A  molecular  sieves  before  use.  The  checkers  distilled 
dichloromethane  from  calcium  hydride  immediately  before  use. 

4.  Titanium  tetrachloride,  purchased  from  Junsei  Chemical  Co.,  Ltd.,  is 
distilled  before  use.  The  checkers  purchased  titanium  tetrachloride  from  the 
Fisher  Scientific  Company,  and  distilled  it  from  copper  powder  before  use. 

5.  The  starting  al lyl trimethyl  si 1 ane  can  be  prepared  in  satisfactory 

O 

yield  by  the  procedure  of  Sommer.  It  can  also  be  purchased  from  PCR  Inc., 
Aldrich  Chemical  Company,  Inc.,  Fluka  A.  6.,  Petrarch  Systems  Inc.,  and  Tokyo 
Kasei  Kogyo  Co.,  Ltd.  The  checkers  employed  material  from  Petrarch. 

6.  The  use  of  more  than  1.2  equiv  of  al  lyl  trimethyl  sil  ane  is  essential 
for  shortening  the  reaction  time  as  well  as  to  avoid  contamination  of  the 
product  by  unreacted  benzal acetone. 

7.  Disappearance  of  benzal acetone  and  appearance  of  product  can  be 
readily  monitored  by  thin  layer  or  gas  chromatographic  analysis  on  a  1-m 
column  packed  with  20%  Silicone  SE-30  at  180°C.  The  reaction  should  be 
stopped  as  soon  as  disappearance  of  benzal acetone  is  confirmed. 
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8.  Gas  chromatographic  analysis  of  the  product  on  a  1-m  column  packed 
with  20%  Silicone  SE-30  at  180°C  should  give  a  single  peak.  The  product  has 
the  following  spectral  properties:  IR  (film)  cm”'*’:  1710,  1630  (C=C);  *'H 

NMR  ( CDC1 3)  6:  1.97  (s,  3  H,  CH3CO) ,  2.35  (t,  2  H,  J  =  7.5,  CH2C=C),  2.72  (d, 
2  H,  J  =  7.5,  CH2C0),  3.27  (quintet,  1  H,  J  =  7.5,  PhCH),  4. 8-5.1  (m,  2  H, 
CH2=C),  5. 4-5. 9  (m,  1  H,  CH=C),  7. 0-7. 4  (m,  5  H,  aromatic). 

3.  Discussion 

This  procedure  is  general  for  the  conjugate  allylation  of  a, 6- unsaturated 

3 

ketones  with  allysilanes.  Some  representative  examples  are  listed  in  Table 
I.  The  main  advantages  of  the  method  are  its  wide  generality  and  the  ready 
availability  of  the  necessary  starting  materials.  The  procedure  is  often 
useful  for  the  preparation  of  <5,e-unsaturated  ketones  that  cannot  be  obtained 
in  satisfactory  yield  by  the  use  of  allylcuprate  (e.g.,  entry  13)  reagents.4 
Another  useful  aspect  of  the  reaction  is  the  regiospecific  coupling  of  the 
allyl  group.  Examples  of  this  feature  can  be  seen  in  entries  2  and  5. 
Although  cyclic  as  well  as  acyclic  ot,|3-unsaturated  ketones  give  satisfactory 
results,  the  reaction  is  slower  in  sterically  hindered  systems  (entries  13  and 
14).  However,  even  in  these  cases,  good  yields  are  obtained  by  using  excess 
allyl si lane  and  by  conducting  the  reaction  at  higher  temperature.  Since  the 
allyl  group  can  be  modified  by  the  regiosel ective  addition  of  various  reagents 
to  the  double  bond,5,6  the  method  is  applicable  to  the  synthesis  of  a  wider 
variety  of  compounds  than  are  shown  in  the  Table.  By  oxidation  of  the  double 
bond  1,5-diketones  may  be  obtained.7  Conjugate  allylation  with  allylsilanes 
can  be  used  in  conjunction  with  a  suitable  electrophile  to  achieve  "one-pot“ 
double  alkylation  at  the  adjacent  vinyl  position  of  an  a,8-unsaturated 
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ketone.  The  method  has  also  been  utilized  in  the  synthesis  of  perhydro- 
azul enones.0  Allylsilanes  also  undergo  regioselective,  Lewis  acid-catalyzed 
reaction  with  carbonyl  compounds,10  acetals,11  a,g-unsaturated  acetals,12  acyl 
halides,1"1  tertiary  alkyl  halides,1,1  and  oxiranes.11  Such  allylations  can 
also  be  achieved  by  using  al lystannanes . 111 

1.  Department  of  Chemistry,  Faculty  of  Science,  Tohoku  University,  Sendai 
980,  Japan. 

2.  Sommer,  L.  H.;  Tyler,  L.  J.;  Whitmore,  F.  C.  J.  Am.  Chem.  Soa.  1948  ,  70, 
2872;  Sakurai  ,  H.;  Hosomi ,  A.;  Kumada,  M.;  J.  Org.  Chem.  1969,  34,  1764; 
Abel,  E.  W.;  Rowley,  R.  J.  J.  Ovganomet.  Chem.  1975,  84,  199. 

3.  Hosomi,  A.;  Sakurai,  H.  J.  Am.  Chem.  Soa.  1977,  99,  1673. 

4.  House,  H.  0.;  Umen,  M.  J.  j.  Org.  Chem.  1972,  37,  2841;  House,  H.  0.; 
Fisher,  Jr.,  W.  F.  J.  Org.  Chem.  1969,  34,  3615;  House,  H.  0.;  Wilkins, 
J.  M.  J.  Org.  Chem.  1978,  43,  2443. 

5.  Hosomi,  A.;  Saito,  M. ;  Sakurai,  H.  Tetrahedron  Lett.  1980,  21,  3783, 

1979,  429;  Hosomi,  A.;  Sakurai,  H.  Tetrahedron  Lett.  1978,  2589;  Hosomi, 
A.;  Hashimoto,  H.;  Sakurai,  H.  J.  Org.  Chem.  1978,  43,  2551,  Tetrahedron 
Lett.  1980,  951;  Hosomi,  A.;  Shirahata,  A.;  Sakurai,  H.  Chem.  Lett.  1978, 
901. 

6.  For  a  review,  see  Sakurai,  H.  Pure  Appl.  Chem.  1982,  54,  1. 

7.  Hosomi,  A.;  Kobayashi ,  H.;  Sakurai,  H.  Tetrahedron  Lett.  1980,  955; 

Yanami,  T.;  Miyashita,  M. ;  Yoshikoshi,  A.  J .  Org.  Chem.  1980,  45,  607; 

Pardo,  R. ;  Zahra,  J.-P.;  Santelli,  M.  Tetrahedron  Lett.  1979,  4557. 

8.  Hosomi,  A.;  Hashimoto,  H.;  Kobayashi,  H.;  Sakurai,  H.  Chem.  Lett.  1979, 

245. 

9.  House,  H.  0.;  Sayer,  T.  S.  B.;  Yau,  C.-C.  J.  Org.  Chem.  1978,  43,  2153. 
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10.  Hosomi,  A.;  Sakurai  H.  Tetrahedron  Lett.  1976,  1295,  1977,  4041;  Calas, 

\ 

R.;  Dunogues,  J.;  Deleris,  G. ;  Pisciotti,  F.  J.  Organomet.  Chem.  1974, 
69,  C15. 

11.  Hosomi,  A.;  Endo,  M. ;  Sakurai,  H.  Chem.  Lett.  1976,  941;  Fleming,  I.; 

Pearce,  A.;  Snowden,  R.  L.  J.  Chem.  Soo.,  Chem.  Commun.  1976,  182. 

12.  Hosomi,  A.;  Endo,  M. ;  Sakurai,  H.  Chem.  Lett.  1978,  499. 

13.  Pillot,  J.-P.;  Dunogues,  J.;  Calas,  R.  Tetrahedron  Lett.  1976,  1871. 

14.  Fleming,  I.;  Paterson,  I.  Synthesis  1979,  446;  Sasaki,  T.;  Usuki ,  A.; 
Ohno,  M.  J.  Org.  Chem.  1980,  45,  3559. 

15.  Hosomi,  A.;  Iguchi,  H.;  Endo,  M.;  Sakurai,  H.  Chem.  Lett.  1979,  977; 

Naruta,  Y.;  Ushida,  S.;  Maruyama,  K.  Chem.  Lett.  1979,  919;  Maruyama,  K.; 
Naruta,  Y.  Chem.  Lett.  1978,  431. 
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CONJUGATE  ALLYLATION  OF  a,g-ENONES  WITH  ALLYLSILANES  PROMOTED  BY  TITANIUM  TETRACHLORIDE 
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TABLE  I  (contd 
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The  reaction  was  carried  out  on  a  1-20  mmol  scale  in  dichl oromethane .  D  Yields  after  isolation  by 
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Appendix 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 

4-Phenyl -6- hepten-2- one:  6-Hepten-2-one,  4-phenyl-  (10);  (69492-29-1) 
Benzal acetone:  3-Buten-2-one,  4-phenyl-  (8,9);  (122-57-6) 

Titanium  tetrachloride:  Titanium  chloride  (8,9);  (7550-45-0) 

Ally! trimethyl  silane :  Silane,  allyl trimethyl-  (8);  Silane,  trimethyl-2- 
propenyl-  (9);  (762-72-1) 
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a-tert -ALKYLATION  OF  KETONES: 
2-tert -PENTYLCYCLOPENTANONE 
(Cyclopentanone,  2-(tert -pentyl -) 


Submitted  by  M.  T.  Reetz,  I.  Chatziiosifidis,  F.  Hubner,  and  H.  Heimbach1. 
Checked  by  Kevin  Kunnen  and  Carl  R.  Johnson. 

1.  Procedure 

p 

A.  1-Tvimethylsilyloxycyalopentene.  A  1-L,  two-necked,  round-bottomed 
flask  is  equipped  with  a  mechanical  stirrer  and  a  reflux  condenser  having  a 
drying  tube  (calcium  chloride).  The  flask  is  charged  with  200  mL  of 
dimethyl formamide  (Note  1),  45  g  (0.54  mol)  of  cyclopentanone  (Note  2),  65.5  g 
(0.6  mol)  of  chlorotrimethylsilane  (Note  2)  and  185  mL  (1.33  mol)  of 
triethyl  ami ne  (Note  1),  and  the  mixture  is  refluxed  for  17  hr  (Note  3).  The 
mixture  is  cooled,  diluted  with  350  mL  of  pentane,  and  washed  four  times  with 
200-mL  portions  of  cold  saturated  aqueous  sodium  hydrogen  carbonate.  The 
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aqueous  phases  are  extracted  twice  with  100-mL  portions  of  pentane  and  the 

\ 

combined  organic  phases  are  washed  vapidly  with  100  mL  of  ice-cold  aqueous  2  N 
HC1  and  immediately  thereafter  with  a  cold  saturated  solution  of  sodium 

hydrogen  carbonate.  After  the  mixture  has  been  dried  over  anhydrous  magnesium 

sulfate,  the  pentane  is  removed  by  rotary  evaporation.  Distillation  of  the 

oily  residue  at  60°C  (12  mm)  using  a  20-cm  Vigreux  column  affords  50.1-51.6  g 

(60-62%)  of  1-trimethylsilyloxycyclopentene  (1)  as  a  colorless  liquid  (Note 

4). 

B.  2-tert-Pentylcyclopentanone.  A  dry,  250-mL,  th ree -necked ,  round - 
bottomed  flask  is  fitted  with  a  gas  inlet,  a  gas  bubbler,  rubber  septum  and 
magnetic  stirrer.  The  apparatus  is  flushed  with  dry  nitrogen  or  argon  and 
charged  with  120  mL  of  dry  di chi oromethane  (Note  5),  15.6  g  (0.10  mol)  of  1- 
trimethyl si lyloxycycl opentene  and  11.7  g  (0.11  mol)  of  2-chloro-2-methylbutane 
(Note  6).  The  mixture  is  cooled  to  -50°C  (Note  7)  and  a  cold  (-50°C)  solution 
of  11  mL  (0.10  mol)  of  titanium  tetrachloride  (Note  8)  in  20  mL  of  dichloro- 
methane  is  added  within  2  min  through  the  rubber  septum  with  the  aid  of  a 
syringe.  During  this  operation  rapid  stirring  and  cooling  is  maintained. 
Sunlight  should  be  avoided.  The  reddi sh-brown  mixture  is  stirred  at  the  given 
temperature  for  an  additional  2.5  hr  and  is  then  rapidly  poured  into  1  L  of 
ice  water  (Note  9).  After  the  addition  of  400  mL  of  dichloromethane,  the 
mixture  is  vigorously  shaken  in  a  separatory  funnel;  the  organic  phase  is 
separated  and  washed  twice  with  400-mL  portions  of  water.  The  aqueous  phase 
of  the  latter  two  washings  is  extracted  with  200  mL  of  dichloromethane;  the 
organic  phases  are  combined  and  dried  over  anhydrous  sodium  sulfate.  The 
mixture  is  concentrated  using  a  rotary  evaporator  and  the  residue  is  distilled 
at  80°C  (12  mm)  (Note  10)  to  yield  9. 2-9. 5  g  (60-62%)  (Note  11)  of  2-tert- 
pentylcyclopentanone  as  a  colorless  oil  (Note  12). 
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2.  Notes 


1.  Dimethyl formamide  and  triethyl  amine  were  purchased  from  Baker  (Baker 
Analyzed  Reagent)  and  used  without  further  purification. 

2.  Cycl opentanone  and  chi orotrimethyl si  1 ane  were  purchased  from  Aldrich 
Chemical  Company  and  used  without  further  purification. 

3.  According  to  the  original  procedure  of  House,2  only  four  hours  are 
needed,  affording  a  59%  yield.  However,  the  submitters  found  that  an  increase 
in  reaction  time  raises  the  yield. 

4.  The  spectral  properties  of  the  compound  are  as  follows:  *H  NMR 

(CC14)  <$:  0.2  (s,  9  H),  1.6-2. 4  (m,  6  H),  4.4  (m,  1  H);  IR  (film)  1645  cm'1 

(lit.2  1645  cm'1). 

5.  Reagent  grade  dichl oromethane  is  dried  by  passing  over  a  column  of 
aluminum  oxide  (activity  I). 

6.  The  submitters  purchased  2-chl oro-2-methyl butane  from  Eastman  Kodak 
Company.  The  checkers  prepared  the  halide  as  follows.  A  separatory  funnel 
was  charged  with  21.5  mL  (0.2  mol)  of  2-methyl -2-butanol  and  100  mL  of  coned 
hydrochloric  acid.  The  mixture  was  shaken  vigorously  with  periodic  venting 
for  10  min.  The  layers  were  separated  and  the  2-chl oro-2-methyl butane  layer 
(upper)  was  washed  several  times  with  equal  volumes  of  cold  water.  The 
product  was  dried  over  calcium  chloride  and  distilled,  bp  85°C. 

7.  The  precise  temperature  is  not  critical.  The  checkers  observed  that 
the  reaction  proceeds  in  about  the  same  time  and  yield  at  -78°C.  However,  at 
temperatures  above  -40°C  a  drop  in  yield  may  occur. 

8.  The  titanium  tetrachl oride  should  be  clean,  colorless,  and  free  of 
hydrogen  chloride.  The  checkers  used  material  freshly  distilled  in  an  argon 
atmosphere. 
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9.  If  sodium  bicarbonate  is  used,  large  amounts  of  titanium  oxide- 
containing  emulsions  tend  to  form  which  hamper  the  purification  of  the 
product. 

10.  The  by-products  consist  of  volatile  cycl opentanone  and  an  unknown 
high  boiling  material,  so  that  rapid  vacuum  transfer  at  room  temperature  and 
0.02  nm  is  also  possible.  Extremely  slow  distillation  at  high  temperatures 
should  be  avoided.  The  value  of  72°C  (2.2  mm)  cited  in  the  literature3  seems 
to  be  in  slight  error. 

11.  The  submitters  ran  the  reaction  on  a  0.5  scale  and  reported  yields 
of  63-68%. 

12.  The  product  is  >  96%  pure  as  checked  by  gas  chromatography  (4%  UCON 
LB  550X,  Chromosorb  G,  AW-DMCS  80-100  mesh,  130°C).  The  spectral  properties 
are  as  follows:  IR  (neat)  cm'1:  3050-2800,  1735,  1460,  1150;  lH  NMR 
( CC1 4 )  6:  0.80  (J  =  6  Hz,  CH3  of  the  ethyl  group,  which  partially  overlaps 
with  the  signals  of  the  other  two  diastereotopic  methyl  groups),  0.82  (s), 
0.92  (s),  1.15-2.25  (m);  13C  NMR  ( CDC1 3 )  6:  7.78,  19.87,  23.72  (slightly 
broad),  25.57,  32.62,  34.70,  40.02,  55.39,  219.57. 

3.  Discussion 

This  procedure  solves  the  long-pending  problem  of  a-tert-al kyl ation  of 
ketones.  The  generality  is  shown  by  the  fact  that  a  wide  variety  of  struc¬ 
turally  different  ketones  can  be  alkylated  via  the  corresponding  silyl  enol 
ethers  with  good  yields.4  Variation  of  the  alkylating  agent  is  also  possible, 
branched  and  cyclic  tertiary  akyl  halides  reacting  position  specifically  with¬ 
out  signs  of  rearrangement.4  Chemoselectivity  studies  reveal  that  esters, 
aromatic  groups,  and  primary  alkyl  halide  moieties  are  tolerated.4  In  the 
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case  of  a  sensitive  enol  ether  such  as  that  derived  from  acetone,  titanium 
tetrachloride  should  be  replaced  by  more  mild  Lewis  acids  such  as  zinc 
chloride,  although  the  yields  are  lower.5  Finally,  it  should  be  noted  that 
any  S^l-reactive  alkyl  halide  is  likely  to  be  a  suitable  alkylating  agent  in 
Lewis  acid  promoted  a-alkylati on  of  carbonyl  compounds.  Indeed,  aryl- 
activated  secondary  alkyl  halides  react  in  the  same  way.5  Generally,  such 
alkylating  agents  are  unsuitable  in  classical  enol ate  chemistry  because  of  the 
ease  of  hydrogen  halide  elimination  and/or  the  failure  to  react  regiospecif- 
ically.  The  methods  are  thus  complementary. 

A  related  tert-butyl ation  procedure  in  which  the  silyl  enol  ether  is 
added  to  a  mixture  of  titanium  tetrachloride  and  tert-butyl  chloride  gives 
rise  to  distinctly  lower  yields.^’®  This  is  also  the  case  if  the  tertiary 
halide  is  added  to  a  mixture  of  silyl  enol  ether  and  titanium  tetrachloride.5 

A  number  of  alternative  multi-step  procedures  for  the  synthesis  of  a- 
tert-alkyl  ketones  are  known,  none  of  which  possess  wide  generality.  A 
previous  synthesis  of  2-tert-pentylcyclopentanone  involved  reaction  of  N-l- 
cycl opentenyl pyrrol i di ne  with  3-chl oro-3-methyl-l-butyne  and  reduction  of  the 
resulting  acetylene  (overall  yield  46%).1 2  3  However,  all  other  enamines  tested 
afford  much  lower  yields.3  Cuprate  addition  to  unsaturated  ketones  may  be 
useful  in  certain  cases. ^  Other  indirect  methods  have  been  briefly  reviewed.5 

1.  Fachbereich  Chemie  der  Universitat,  Hans-Meerwein-Strasse ,  3550  Marburg, 
West  Germany. 

2.  House,  H.  0.;  Czuba,  L.  J.;  Gall,  M.;  Olmstead,  H.  D.  J.  Org.  Chem.  1969, 
34,  2324. 

3.  Hennion,  G.  F.;  Quinn,  F.  X.  J .  Org.  Chem.  1970,  35,  3054. 
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Appendix 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 

2-tert-Pentylcyclopentanone:  Cycl opentanone,  2-tert-pentyl  (8,9); 

(25184-25-2) 

Cycl opentanone  (8,9);  (120-92-3) 

Chlorotrimethylsilane:  Silane,  chlorotrimethyl -  (8,9);  (75-77-4) 

1- Tri methyl  si lyloxycyclopentene:  Silane,  ( l-cyclopenten-l-yloxy)tri methyl  - 
(8,9);  (19980-43-9) 

2- Ch loro -2-methyl butane :  Butane,  2-chloro-2-methyl -  (8,9);  (594-36-5) 

Titanium  tetrachloride:  Titanium  chloride  (8,9);  (7550-45-0) 
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PREPARATION  OF  HALIDE-FREE  METHYLLITHIUM 
(Lithium,  methyl-) 


CH 3 C  I  +  Li(l%Na)  — - - ►  CH3LL  +  LiCI 

u  J  v 

Submitted  by  Michael  J.  Lusch,  William  V.  Phillips,  Ronald  F.  Sieloff, 

Glenn  S.  Nomura,  and  Herbert  0.  House-1-. 

Checked  by  Gregory  S.  Bisacchi  and  Robert  V.  Stevens. 

1.  Procedure 

Caution!  The  fine  lithium  dispersion  used  in  this  preparation,  onee 
washed  to  remove  the  mineral  oil  coating,  will  ignite  spontaneously  if  exposed 
to  air.  Also,  the  methyl  chloride  and  ether  used  are  very  volatile  and  highly 
flammable .  The  entire  preparation  including  the  disposal  of  any  residual 
lithium  should  be  performed  in  an  efficient  hood  with  a  safety  shield  in  front 
of  the  apparatus.  A  suitable  dry-powder  fire  extinguisher  should  be  kept  at 
hand  to  extinguish  any  fires  resulting  from  the  accidental  spillage  of  the 
washed  lithium  dispersion  or  of  the  methyllithium  solution. 

A  dry  1-L,  three-necked,  round-bottomed  flask  equipped  with  a  large 
Teflon-covered  magnetic  stirring  bar,  a  thermometer ,  and  a  dry  ice  condenser 
(Note  1)  is  flushed  with  argon  (Note  2),  then  capped  with  a  serum  stopper  and 
subsequently  maintained  under  a  positive  pressure  of  argon  (Note  3).  A  30% 
dispersion  of  lithium  metal  (in  mineral  oil)  containing  1%  sodium  (13.9  g, 
2.00  g-atom  of  lithium)  (Note  4)  is  rapidly  weighed  and  transferred  to  the 
fl ask. 
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The  lithium  is  washed  three  times  by  transferring  approximately  150-mL 
portions  of  anhydrous  ethyl  ether  (Note  5)  into  the  flask  through  the  serum 
stopper  by  forced  siphon  through  a  stainless  steel  cannula,  stirring  the 
resulting  suspension  of  lithium  briefly,  allowing  the  lithium  to  rise  to  the 
surface,  and  finally  withdrawing  the  major  part  of  the  underlying  ether  by 
forced  siphon  through  a  cannula.  Anhydrous  ethyl  ether  (500  mL)  is  added  to 
the  resultant  oil -free  lithium.  Methyl  chloride  gas  (bp  -24°C,  d-^  ^  0.99 

o 

g/mL)  from  a  compressed  gas  cylinder  is  passed  through  a  flask  containing  4A 
molecular  sieves  and  into  a  dry,  100-mL  Pyrex  graduated  cylinder  equipped  with 
a  24/40  standard  taper  joint  attached  to  a  Claisen  adapter  and  dry  ice 
condenser,  and  cooled  to  -24°C  with  a  bath  of  dry  ice-acetone  (Fig.  1).  When 
52.7  mL  (52.5  g,  1.04  mol)  of  liquid  methyl  chloride  has  been  collected,  the 
adapter  and  condenser  are  removed,  several  boiling  chips  are  added  to  the  cold 
(-24°C)  graduated  cylinder,  and  the  cylinder  is  stoppered  with  a  rubber  septum 
through  which  is  inserted  a  stainless  steel  cannula.  The  other  end  of  this 

cannula  is  inserted  through  the  rubber  septum  of  the  flask  so  that  its  tip  is 

just  above  the  liquid  surface  of  the  reaction  flask.  Dry  ice-acetone  is  then 
added  to  the  condenser  attached  to  the  reaction  flask.  Vigorous  stirring  of 
the  ethereal  lithium  dispersion  is  begun  and  the  methyl  chloride  is  added  over 
approximately  a  1.5-hr  period.  The  rate  at  which  methyl  chloride  is  distilled 
into  the  reaction  vessel  is  controlled  by  slight  cooling  or  warming  of  the 
graduated  cylinder  which  contains  the  liquid  methyl  chloride.  During 
addition,  the  initial  grey  suspension  changes  to  a  brown  to  purple  suspension; 
by  the  end  of  the  addition,  little  if  any  lithium  metal  should  be  seen 
floating  on  the  surface  of  the  ether  solution  when  stirring  is  interrupted. 
After  the  addition  of  methyl  chloride  is  complete,  the  reaction  mixture  is 

stirred  at  25°C  for  an  additional  0.5-1  hr  and  then  allowed  to  stand  overnight 
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or  longer  (Note  6)  at  25°C  under  a  static  argon  atmosphere,  whereupon  the 
precipitated  lithium  chloride  settles  to  the  bottom  of  the  flask.  The  dry  ice 
condenser  and  thermometer  are  removed  from  the  flask  and  replaced  with  rubber 
septa.  The  supernatant  methyl  1 i thi urn  solution  is  transferred  by  forced  siphon 
using  a  large-guage  cannula  through  a  glass  wool  pad  (Note  7)  into  a  receiving 
flask  previously  flushed  with  an  inert  gas  (Fig.  2).  The  receiving  flask 
which  contains  the  filtrate,  a  pale  yellow  solution  of  methyl  1 i thi urn,  is 
removed  (Note  8)  and  stored  in  a  refrigerator  for  12-24  hr  during  which  time 
an  additional  small  quantity  of  lithium  chloride  separates  as  fine  crystals. 
The  resulting  supernatant  solution  is  transferred  with  a  stainless  steel 
cannula  and  a  slight  positive  pressure  of  argon  or  nitrogen  into  one  or  more 
suitable  oven-dried  nitrogen-filled  storage  bottles  capped  with  rubber 
septa.  Two  1-mL  aliquots  of  the  solution  are  removed  with  a  hypodermic 
syringe  for  a  modified  Gilman  titration  (Note  9)  and  a  5-mL  aliquot  is  removed 
with  a  hypodermic  syringe  to  determine  the  halide  concentration  (Note  10). 
The  solution  contains  1.40-1.77  M  methyl  1 i thi urn  accompanied  by  0.07-0.09  M 
lithium  chloride  correspondi ng  to  a  70-89%  yield  of  methyl  1 i thi um.  If  this 
solution  is  protected  from  oxygen  and  moisture,  it  may  be  stored  at  0-25°C  for 
several  months  (and  remain  active). 


2.  Notes 

1.  The  dry  ice  condenser  used  with  the  apparatus  should  have  sufficient 
condensing  capacity  to  prevent  the  loss  of  significant  amounts  of  methyl 
chloride;  a  condenser  38  cm  long  and  3.8  cm  in  diameter  was  suitable. 
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2.  Since  finely  divided  lithium  floats  on  the  surface  of  the  solvent  and 

will  be  in  contact  with  the  atmosphere  in  the  reaction  vessel,  an  argon 
atmosphere,  rather  than  a  nitrogen  atmosphere,  should  be  used  to  avoid 

formation  of  the  insoluble  reddish-brown  lithium  nitride. 

3.  A  slight  positive  pressure  of  argon  was  maintained  in  the  vessel 

throughout  the  reaction  by  using  an  argon  line  connected  to  both  a  bubbler 

containing  Nujol  and  the  inlet  on  the  dry  ice  condenser. 

4.  A  dispersion  in  mineral  oil  of  30 %  (by  weight)  of  lithium  containing 

1%  by  weight  of  sodium  is  marketed  by  Alfa  Products,  Morton/Thiokol  ,  Inc. 

This  oil -coated  dispersion  may  be  exposed  to  the  air  during  transfer  and 
weighing  and  is  conveniently  transferred  from  its  container  by  pouring  through 
a  wi de-mouth  funnel.  Small  quantities  of  the  dispersion  which  adhere  to  the 
apparatus  may  be  disposed  of  by  rinsing  in  a  stream  of  warm  water  to  lower  the 
viscosity  of  the  oil  and  allow  the  suspended  lithium  to  react  with  water  at  a 
controlled  rate.  To  dispose  of  large  quantities  of  this  dispersion  (or  any 
quantity  of  lithium  powder  no  longer  coated  with  oil),  the  material  should  be 
suspended  in  anhydrous  ether  under  an  argon  atmosphere  and  t-butyl  alcohol 
should  be  added  dropwise  to  the  suspension  until  all  of  the  lithium  metal  has 
been  consumed.  Since  hydrogen  is  liberated  during  these  disposal  procedures, 
they  should  be  performed  in  an  efficient  hood. 

5.  Anhydrous  ethyl  ether  was  distilled  from  lithium  aluminum  hydride 
immediately  before  use. 

6.  Although  most  of  the  lithium  chloride  separates  from  the  ether 
solution  as  a  finely  divided  solid  during  the  reaction,  additional  small 
quantities  of  lithium  chloride  continue  to  separate  for  12-14  hr.  After 
standing  overnight,  a  typical  reaction  contains  a  precipitate  of  finely 
divided  brownish-pink  solid  below  a  clear,  pale  yellow  solution. 
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7.  A  convenient  filter  was  constructed  by  packing  glass  wool,  previously 
dried  in  an  oven,  into  a  20-mL  Luer-lok  syringe  barrel  fitted  with  a  15  gauge 
needle.  The  syringe  barrel  was  capped  with  a  serum  stopper.  A  large  diameter 
cannula  (at  least  15  gauge)  should  be  used  to  transfer  the  methyllithium 
solution  from  the  flask  to  the  filter  since  smaller  guage  cannulae  are 
frequently  plugged  by  solid  particles. 

8.  As  soon  as  the  receiver  containing  the  methyllithium  solution  has 
been  removed  and  stoppered,  the  residual  solids  in  the  reaction  flask  and  the 
filtration  apparatus  should  be  rinsed  into  another  receiver  with  anhydrous 
ether  under  an  atmosphere  of  argon  or  nitrogen.  The  ether  slurry  of  solids, 
which  may  contain  some  unchanged  lithium  metal,  should  be  treated  cautiously 
in  a  hood  with  t-butyl  alcohol  to  consume  any  residual  lithium  metal  before 
the  mixture  is  discarded. 

9.  One  1-ml  aliquot  is  added  to  1.0  mL  of  freshly-distilled  1,2-dibromo- 
ethane  (bp  132°C)  in  an  oven-dried  flask  which  contains  a  static  atmosphere  of 
nitrogen  or  argon.  After  the  resulting  solution  has  been  allowed  to  stand  at 
25°C  for  5  min,  it  is  diluted  with  10  mL  of  water  and  titrated  for  base 
content  (residual  base)  to  a  phenolphthalein  endpoint  with  standard  0.100  M 
hydrochloric  acid.  The  second  1-mL  aliquot  is  added  cautiously  to  10  mL  of 
water  and  then  titrated  for  base  content  (total  base)  to  a  phenolphthalein 
endpoint  with  standard  aqueous  0.100  M  hydrochloric  acid.  The  methyllithium 
concentration  is  the  difference  between  the  total  base  and  residual  base 
concentrations. ^  Alternatively,  the  methyllithium  concentration  may  be 
determined  by  titration  with  a  standard  solution  of  sec-butyl  alcohol 
employing  2 , 2 1  - b i py r i dy  1  as  an  indicator.33’*3 
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10.  To  determine  the  concentration  of  chloride  ion,8c,cl  a  5-mL  aliquot  of 
the  rnethyllithium  solution  is  cautiously  added  to  25  mL  of  water  and  the  re¬ 
sulting  solution  is  acidified  with  concentrated  sulfuric  acid  and  then  treated 
with  2-3  mL  of  ferric  ammonium  sulfate  [ Fe ( NH4 ) ( SO4 ) 2  12  •  H2O]  indicator 
solution  and  2-3  mL  of  benzyl  alcohol.  The  resulting  mixture  is  treated  with 
10.0  mL  of  standard  aqueous  0.100  M  silver  nitrate  solution  and  then  titrated 
with  standard  aqueous  0.100  M  potassium  thiocyanate  solution  to  a  brownish-red 
endpoi nt. 


3.  Discussion 

Although  ethereal  solutions  of  rnethyllithium  may  be  prepared  by  the  reac¬ 
tion  of  lithium  wire  with  either  methyl  iodide^  or  methyl  bromide8  in  ether 

solution,  the  molar  equivalent  of  lithium  iodide  or  lithium  bromide  formed  in 

these  reactions  remains  in  solution  and  forms,  in  part,  a  complex  with  the 
rnethyllithium.8  Certain  of  the  ethereal  solutions  of  rnethyllithium  currently 
marketed  by  several  suppliers  including  Alfa  Products,  Morton/Thiokol  ,  Inc., 
Aldrich  Chemical  Company,  and  Lithium  Corporation  of  America,  Inc.,  have  been 
prepared  from  methyl  bromide  and  contain  a  full  molar  equivalent  of  lithium 

bromide.  In  several  applications  such  as  the  use  of  rnethyllithium  to  prepare 

lithium  dimethyl  cuprate7  or  the  use  of  rnethyllithium  in  1 ,2-dimethyoxyethane 
to  prepare  lithium  enolates  from  enol  acetates  or  trimethyl silyl  enol 
ethers,88  the  presence  of  this  lithium  salt  interferes  with  the  titration  and 
use  of  rnethyllithium.  There  is  also  evidence  which  indicates  that  the  stereo¬ 
chemistry  observed  during  addition  of  rnethyllithium  to  carbonyl  compounds  may 
be  influenced  significantly  by  the  presence  of  a  lithium  salt  in  the  reaction 
solution.8  For  these  reasons  it  is  often  desirable  to  have  ethereal  solutions 
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of  methyl  1 i thi um  that  do  not  contain  an  equivalent  amount  of  lithium  iodide  or 
lithium  bromide. 

The  reaction  of  lithium  with  methyl  chloride  in  ether  solution  produces  a 
solution  of  methyl  1 i thi um  from  which  most  of  the  relatively  insoluble  lithium 
chloride  precipitates.  Ethereal  solutions  of  "halide-free"  methyl  1 i thi um, 
containing  2-5  mole  percent  of  lithium  chloride,  were  formerly  marketed  by 
Foote  Mineral  Company  and  by  Lithium  Corporation  of  America,  Inc.,  but  this 
product  has  been  discontinued  by  both  companies.  Comparable  solutions  are 
also  marketed  by  Alfa  Products  and  by  Aldrich  Chemical  Company;  these  solu¬ 
tions  have  a  limited  shelf-life  and  older  solutions  have  often  deteriorated 
badly  even  before  the  container  is  opened.  Since  an  ether  solution  of  methyl 
chloride  reacts  very  slowly  with  lithium  wire  used  in  reactions  with  methyl 
bromide  or  methyl  iodide,  the  present  procedure^  uses  a  finely  divided  sus¬ 
pension  of  lithium  metal  containing  1%  (by  weight)  of  sodium^ to  achieve  a 
rapid  reaction  with  methyl  chloride.  The  finely  divided  lithium  containing  1% 
sodium  is  marketed  as  a  30%  (by  weight)  dispersion  in  mineral  oil  and  must  be 
washed  free  of  this  protective  hydrocarbon  diluent  before  use  in  order  to 
avoid  contamination  of  the  final  methyl  1 i thi um  reagent  with  a  substantial 
amount  of  a  mixture  of  high  molecular  weight  hydrocarbons.  Since  lithium  is 
less  dense  than  common  organic  solvents  such  as  diethyl  ether  or  pentane,  the 
washing  procedure  must  be  done  with  special  care  to  avoid  starting  a  fire  with 
the  pyrophoric,  finely-divided  lithium. ^  Finely  divided  lithium  with  some¬ 
what  higher  or  lower  percentages  of  sodium  are  expected  to  work  equally  well. 
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Appendix 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number) 

(Registry  Number) 

Methyl  chloride:  Methane,  chloro-  (8,9);  (74-87-3) 

Lithium  (8,9);  (7439-93-2) 

Methyl! ithium:  Lithium,  methyl-  (8,9);  (917-54-4) 
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V 


Figure  2.  Decanting  the  methyl! ithium  solution 


Figure  1.  Condensing  the  methyl  chloride 
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3-(l-HYDR0XYBUTYL)-l-METHYLPYRR0LE  AND  3-BUTYROYL-l-METHYLPYRROLE 
(lH-Pyrrole-3-methanol ,  1 -met hyl-a-p ropy  1-  and  1-Butanone, 
l-(l-methyl-lH-pyrrol-3-yl )-) 


OH 


Me 

2 


Submitted  by  H.  M.  Gilow  and  G.  Jones,  11^. 

Checked  by  Steven  M.  Pitzenberger,  Richard  A.  Hayes,  and  Orville  L.  Chapman. 


1.  Procedure 


A.  3-(l-Hydvoxybutyl)-l-methylpyrrole  (1).  A  photochemical  quartz 
immersion  well  (220  rmt  length)  (Note  1)  equipped  with  450-watt  Hanovia  medium 
pressure  mercury  lamp  and  a  Vycor  filter,  cooled  with  water,  is  used.  To  a 
125-mL  Pyrex  reaction  vessel  (230  mm  long,  64  mm  i.d.)  equipped  with  a  gas 
inlet  and  outlet,  is  added  60  mL  (55  g,  0.676  mol)  of  1-methyl  pyrrole  (Note  2) 
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and  65  mL  (54  g,  0.936  mol)  of  butyraldehyde  (Note  3).  Dry  nitrogen  is  slowly 

\ 

bubbled  through  the  solution  during  48  hr  of  photolysis  (Note  4). 

The  solution  is  concentrated  under  reduced  pressure.  The  remaining  oil 
is  distilled  under  reduced  pressure  using  a  simple  distillation  apparatus. 
After  a  small  forerun,  27  g  (0.179  mol,  26%  yield)  (Note  5)  of  1  is  collected, 
as  a  light  yellow  oil,  bp  90-94°C/0.05  mm  (Note  6).  Further  purification  is 
accomplished  by  a  second  distillation  under  reduced  pressure,  bp  90.2°C/0.05 

urn  (Notes  7  and  8). 

B.  3-Butyvoyl-l-methylpyrrole  (2).  A  100-mL,  one-necked,  round-bottomed 
flask  is  fitted  with  an  efficient  reflux  condenser  and  arranged  for  magnetic 
stirring  and  heating.  The  flask  is  charged  with  50  mL  of  pentane  (Note  9)  and 
2.0  g  (13  mmol)  of  1  (Note  10).  To  the  rapidly-sti rred  solution  is  added  16  g 
(180  mmol)  of  activated  manganese(IV)  oxide  (Note  11)  in  small  portions  over  5 
min.  The  solution  is  heated  at  reflux  for  18  hr  and  then  an  additional  8  g 

(90  mmol)  of  activated  manganese( IV)  oxide  is  added  in  portions  (Note  12). 

After  being  heated  at  reflux  for  24  hr,  the  reaction  mixture  is  filtered 
through  a  2-cm  Celite  filter  pad.  The  filtered  manganese  oxides  are 

thoroughly  washed  with  about  200-300  mL  of  di chi oromethane.  Evaporation  of 
solvent  from  the  combined  filtrates  leaves  1.4-1 .6  g  of  a  light  yellow  oil. 
Bulb-to-bulb  distillation  at  100°C/0.1  mm  (Note  13)  gives  1  .27-1  .40  g  (8. 4-9. 3 
mmol,  64-71%  yield)  of  an  oil  (2)  (Note  14). 
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2 .  Notes 


1.  The  photochemical  quartz  immersion  well  was  obtained  from  Ace  Glass 

Inc. 

2.  1-Methyl  pyrrole  was  obtained  from  Aldrich  Chemical  Company,  Inc.  and 
distilled  before  use,  bp  112-112. 5°C. 

3.  Butyraldehyde  was  obtained  from  Aldrich  Chemical  Company,  Inc.  and 

distilled  before  use,  bp  74.5-75.5°C.  It  is  important  that  a  freshly 

distilled  sample,  free  of  trimer,  be  used,  or  the  final  product  will  be 

contaminated  with  trimer. 

4.  When  the  reaction  mixture  was  monitored  by  GLC  (500-mm  x  3.2-mm 

column,  packed  with  5%  OV  101  on  chromosorb  G,  HP,  100/120  mesh)  most  of  the 

product  was  formed  in  the  first  24  hr  of  photolysis,  as  shown  by  the  following 


profile: 

%  of  Alcohol 

Time  of  Photolysis 

(Based  on  Starting  Pyrrole) 

2  hr 

4 

19  hr 

18 

24  hr 

23 

48  hr 

25 

5.  The  checkers  found  that  the  distillate  contained  15-30%  butyraldehyde 
(as  monitored  by  NMR),  which  depended  upon  the  efficiency  of  the  distilla¬ 
tion.  A  10-cm  column  packed  with  glass  helices  was  the  most  efficient,  but 
the  yield  of  distilled  product  dropped  drastically. 

6.  The  susceptibility  of  3-(l-hydroxybutyl )-l-methylpyrrole  to  air 
oxidation  and  decomposition  with  acid  requires  that  prolonged  storage  be  done 
in  tightly  capped  containers  in  a  refrigerator. 
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7.  The  spectral  properties  of  3-( 1-hydroxybutyl )-l-methylpyrrol e  are  as 

follows:  :H  NMR  (CDC13)  <5:  0.90  (t,  3  H,  CH3-C) ,  1.10-1.80  (m,  4  H,  -CH2CH2-), 

2.88  (s,  1  H,  H-0-),  3.51  (s,  3  H,  CH3N-),  4.50  (t,  1  H,  HC-) ,  5.9  (t,  1  H, 

4-pyrrole)  and  6.41  (d,  2  H,  2,5-pyrrole).  IR  ( neat  Jem-1 :  3400  (H-0  stretch) 

and  1175  (C=0  stretch). 

8.  The  reaction  can  also  be  carried  out  using  smaller  amounts  of  1- 

methyl pyrrole  (0.113  mol),  butyral dehyde  (0.113  mol)  and  a  solvent  (245  mL 

acetonitrile,  ACS  grade)  in  a  somewhat  larger  reaction  vessel.  After  17  hr  of 
photolysis,  and  after  removal  of  the  volatile  material  and  distillation  of  the 
remaining  oil  under  reduced  pressure,  4-5  g  of  the  alcohol  is  isolated. 

9.  The  submitters  used  dichloromethane.  The  checkers  found  that  use  of 
pentane2  resulted  in  increased  yields  for  the  oxidation. 

10.  When  the  alcohol  (1)  is  contaminated  with  small  amounts  of 

butyral dehyde,  oxidation  proceeds  with  a  much  lower  yield  of  product. 

11.  Activated  manganese( IV)  oxide  was  purchased  from  Alfa  Products, 
Morton/Thiokol  ,  Inc. 

12.  Progress  of  the  reaction  can  be  monitored  by  taking  an  aliquot  of  the 

reaction,  filtering  it,  removing  the  solvent  in  a  vacuum,  dissolving  the 

residual  oil  in  carbon  tetrachloride,  and  observing  the  NMR  spectrum. 
Relative  integration  of  the  proton  resonances  of  the  pyrrole  2-position  (6.1 
ppm  for  the  alcohol  and  7.2  ppm  for  the  ketone)  gives  an  indication  of  the 
percent  conversion.  The  checkers  found  only  77%  conversion  after  the  first 
reflux  period.  A  higher  conversion,  90-97%,  was  achieved  after  a  second 
addition  of  activated  manganese( IV)  oxide  and  subsequent  heating  at  reflux. 

13.  The  submitters  used  a  short  path  simple  distillation  apparatus;  bp 
85-87°C  (0.2  mm). 
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14.  The  following  spectral  properties  were  recorded  for  3-butyroyl-l- 
methyl pyrrole,  2:  *H  NMR  (CDCI3,  200  MHz)  <5:  0.97  (t,  3  H) ,  1.72  (sextet,  2 
H),  2.68  (t,  2  H),  3.68  (s,  3  H),  6.6  (m,  2  H,  4,5-pyrrole),  7.23  (t,  1  H,  2- 
pyrrole);  IR  (neat)  cm'1:  1660  (C=0  stretch);  MS  (70  eV)  m/e  ( rel .  i nt . ) :  151 

(8.6,  M+),  123  (1.6),  108  (34),  28  (100).  The  submitters  reported  the 
following  spectral  data:  *H  NMR  ( CDC1 3 )  6:  0.95  (t,  3  H),  1.65  (sextet,  2 

H),  2.65  (t,  2  H),  3.63  (s,  3  H) ,  6.47  (m,  2  H),  7.15  (m,  1  H);  IR  (neat) 
cm-1:  1700. 


3.  Discussion 

This  procedure  provides  a  method  for  functionalizing  the  pyrrole  ring  in 
the  3-position,  normally  a  difficult  synthetic  step  when  conventional 
electrophilic  substitution  is  used.^  The  technique  has  been  extended  to 
addition  of  several  aldehydes  and  acetone  and  to  a  number  of  pyrroles.'*  The 
generality  includes  photoaddition  to  imidazoles  which  are  substituted  in  the 
4-position.  Pyrrole  photoadduct  alcohols  are  readily  dehydrated  to  3- 
al kenyl pyrrol es  or  oxidized  to  3-acyl  derivatives. 

The  precedent  is  strong  for  the  involvement  of  oxetanes  as  intermediates 
in  carbonyl  additions  to  pyrroles.  ^  NMR  evidence  has  been  obtained  for  an 
oxetane  adduct  of  acetone  and  N-methyl pyrrole.4  The  initial  photoadduct  was 
shown  to  rearrange  readily  on  workup  to  the  3- ( hydroxyal kyl ) pyrrole 
derivative. 

Oxidation  of  the  3- (hydroxyal kyl ) pyrrole  derivative  gives  a  pure  3- 
acyl pyrrole  derivative  which  is  difficult  to  obtain  by  direct  substitution  in 
the  pyrrole  ring.  Acylation  of  pyrrole  yields  1-  and/or  2- acetyl  pyrrole, 
whereas  acylation  of  1-methyl  pyrrole  forms  both  2-  and  3-acetyl -1-methyl - 
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pyrrole,  the  latter  in  smaller  amount. ^  When  a  similar  procedure  was  used,  3- 
( 1-hydroxyethyl ) -1-methyl pyrrole  was  converted  to  3-acetyl -1-methyl pyrrole  in 
76%  yield.4  Recently  the  decarbonyl ati on  of  1-methyl -4-acetyl -2-pyrrol- 

Q 

aldehyde  was  used  as  a  method  to  prepare  3-acetyl -1-methyl  pyrrole. 

1.  Department  of  Chemistry,  Boston  University,  Boston,  MA  02215  (H.  M.  G.  on 
leave  from  Southwestern  at  Memphis,  Memphis,  TN  38112).  This  work  was 
supported  by  the  donors  of  the  Petroleum  Research  Fund,  administered  by 
the  American  Chemical  Society. 

2.  Corey,  E.  J.;  Gilman,  N.  W. ;  Ganem,  B.  E.  J.  Am.  Chem.  Soc.  1968,  90, 
5616-5617. 

3.  Jones,  R.  A.;  Bean,  G.  P.  "The  Chemistry  of  Pyrroles";  Academic  Press: 
New  York,  1977. 

4.  Jones,  II,  G.;  Gilow,  H.  M.  J.  Org.  Chem.  1979,  44,  2949. 

5.  Arnold,  D.  R.  Adv.  in  Photochem.  1968,  6,  301. 
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Appendi x 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 


3-( 1-Hydroxybutyl )-l-methyl pyrrol e:  1  H-Pyrrol e-3-methanol ,  1-methyl -or 
propyl -  (10);  70702-66-8 

3-Butyroyl -1-methyl pyrrole:  1-Butanone,  l-( 1-methyl -1  H-pyrrol -3-yl )-  (10); 
62128-46-5 

1-Methyl  pyrrol e :  Pyrrole,  1-methyl-  (8);  1  H-Pyrrole,  1-methyl-  (9);  96-54-8 
Butyral dehyde  (8);  Butanal  (9);  123-72-8 
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PHOTOCYCLIZATION  OF  AN  ENONE  TO  AN  ALKENE: 


6-METHYLBICYCL0[4.2.0]0CTAN-2-0NE 
(Bicyclo[4.2.0]octan-2-one,  6-methyl -) 


Submitted  by  R.  L.  Cargill, J.  R.  Dalton,  G.  H.  Morton,  and  W.  E.  Caldwell 
Checked  by  Barry  A.  Wexler,  Amos  B.  Smith,  III,  and  Carl  R.  Johnson. 

1.  Procedure 

The  irradiation  apparatus  (Note  1)  is  charged  with  a  solution  of  25.0  g 
(0.277  mol)  of  3-methyl -2-cycl ohexenone  (Note  2)  in  reagent  grade  dichloro- 
methane  (Note  3).  A  gas  outlet  tube  to  an  efficient  hood  is  placed  in  one 
14/20  standard  taper  joint;  in  the  other,  there  is  a  stopper  which  can  be 
removed  for  periodic  sampling.  The  cooling  water  is  turned  on  (Note  4)  and 
the  apparatus  is  immersed  in  a  dry  ice/2-propanol  bath  while  the  chilled 
solution  is  saturated  with  ethylene  (Note  5).  The  lamp  is  inserted  into  the 
well  and  turned  on  (Note  6).  Progress  of  the  irradiation  is  conveniently 
followed  by  gas  chromatography  (Note  7).  After  ca.  8  hr,  most  of  the  starting 
material  has  reacted.  At  this  time,  the  lamp  is  turned  off  and  the  apparatus 
removed  from  the  cooling  bath.  The  reaction  mixture  is  degassed  with  a  slow 
stream  of  nitrogen  while  it  warms  to  room  temperature,  dried  over  magnesium 

ns 


sulfate,  and  concentrated  with  a  rotary  evaporator  at  a  temperature  below  30°C 
(Note  8).  The  product  is  isolated  by  distillation  to  afford  27-28  g  (86-90%) 
of  6-methyl bicyclo [4. 2.0]oct an -2-one,  bp  62-65°C  (3.5  mm)  (Notes  9  and  10). 

2.  Notes 

1.  The  apparatus  is  similar  to  one  described  earlier.  A  triple-walled 
Dewar  is  constructed  of  Pyrex  according  to  Figure  1.  For  further  discussion 
concerning  this  immersion  well  contact  Joel  M.  Babbitt,  Glassblower, 
Department  of  Chemistry,  University  of  South  Carolina,  Columbia,  SC  29208. 
The  evacuated  jacket  permits  the  safe  use  of  circulating  tap  water  as  a  lamp 
coolant  even  when  irradiations  are  conducted  in  a  dry-ice  bath.  A  further 
advantage  is  that  three  layers  of  Pyrex  constitute  an  effective  filter  for 
light  in  the  280-300  nm  region  so  that  secondary  photolysis  of  cycloadducts  is 
not  usually  observed.  The  irradiation  flask  is  a  cylindrical  vessel  of 
suitable  volume  fitted  with  a  coarse,  fritted  disc  for  gas  dispersion  and  a 
flanged  lip.  The  light  source  is  either  a  G.E.  H1000-A36-15,  Westinghouse  H- 
36GV-1000,  or  equivalent  lamp  with  the  outer  globe  removed,  used  in 
conjunction  with  a  G.E  35-9627-6009  ballast.  These  lamps  are  available  from 
the  General  Electric  Company,  Lamp  Division,  Charlotte,  North  Carolina. 

2.  This  material  can  be  purchased  from  Aldrich  Chemical  Co.  or  it  can  be 

3 

prepared  from  Hagemann's  ester. 

3.  The  volume  of  solution  will  vary  depending  on  the  exact  volume  of  the 
apparatus,  the  temperature,  and  the  miscibility  of  gaseous  reactant  in  the 
solvent.  The  solution  should  completely  surround  the  lamp,  but  should  not 
overflow  the  vessel.  The  submitters  used  a  volume  of  1100  mL  and  the  checkers 
used  200  mL. 
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4.  If  the  flow  of  cooling  water  is  stopped  while  the  apparatus  is  cold, 

\ 

the  water  may  freeze  and  crack  the  immersion  well.  The  vacuum  jacket  provides 
greater  insurance  against  this  problem  than  is  available  in  the  commercially 

O 

available  wells  used  with  the  usual  450  watt  lamps. 

5.  CP  grade  ethylene  (Matheson)  was  used  without  purification.  A  flow 
of  ca.  100  mL/min  of  ethylene  for  2-3  hr  is  adequate  for  saturation.  Gas  flow 
is  continued  throughout  the  irradiation  in  order  to  maintain  a  high 
concentration  of  ethylene  and  for  stirring. 

6.  The  lamp  will  not  start  if  it  is  too  cold  or  too  hot.  The  practice 

of  blowing  nitrogen  over  the  lamp  to  remove  ozone  is  not  recommended  as  this 
cools  the  lamp  and  decreases  its  output  significantly,  resulting  in  an 

unnecessarily  long  irradiation  period. 

7.  The  submitters  used  a  Varian  1200  FID  chromatograph  with  a  7% 
Carbowax  20  M  on  Chromosorb  Q,  8-ft  x  0.125-in  column,  a  carrier  gas  (Ng)  flow 
rate  of  40  mL/min,  column  160°C,  injector  220°C,  detector  215°C.  Retention 
times  were  3-methyl -2-cyclohexenone,  4.2  min,  and  6-methylbicyclo[4.2.0]octan- 
2-one,  3.9  min,  respectively. 

8.  If  the  solvent  is  removed  without  care  a  considerable  amount  of 
volatile  product  may  be  lost. 

9.  This  material  is  contaminated  with  ~  10%  of  3-methyl cyclohexenone. 

Material  of  greater  purity  can  be  obtained  by  extending  the  time  of  irra¬ 
diation,  by  carrying  out  an  efficient  distillation  of  product,  or  by  decom¬ 

posing  starting  material  with  potassium  permanganate  prior  to  distillation. 

10.  The  product  has  the  following  spectral  properties:  IR  (CC1 4)  cm-1: 

1700;  *H  NMR  (CC1 4)  «5 :  1.21  (s,  3  H,  methyl),  1.9  (m,  11  H,  all  other 
protons);  13C  NMR  (CgD6)  <5  (based  on  6  CgD6  128.00):  211.63,  51.34,  40.86, 

39.45,  35.26,  31.20,  28.84,  21.45,  20.35;  ms  (m/e)  138.1041  (parent  ion). 
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Figure.  Irradiation  Vessel 
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3.  Discussion 


Although  photochemical  cycloadditions  have  gained  acceptance  in 
synthetic  chemistry,^  most  such  reactions  are  limited  to  a  relatively  small 
scale.  The  use  of  a  1000-watt  street  lamp  permits  the  irradiation  of  up  to  1 
mol  of  substrate  in  less  time  than  0.2  mol  can  be  irradiated  with  the  conven¬ 
tional  450-watt  lamps.  Thus,  under  optimum  conditions,  the  submitters  were 
able  to  add  ethylene  to  3-methylcycl ohexenone  on  a  20-g  scale  in  48  hr  (30%) 
with  a  450-watt  lamp;  with  the  apparatus  described  here  94  g  of  this  enone  was 
condensed  with  ethylene  in  8  hr  (91%). 

Some  general  points  regarding  photochemical  cycloadditions  deserve 
mention.  (1)  Since  the  reaction  is  first  order  in  olefin,  the  concentration 
of  olefin  (especially  gaseous  olefins)  is  of  critical  importance;  therefore, 
the  cycloadditions  are  carried  out  at  low  temperature.  In  some  cases,  how¬ 
ever,  low  temperature  can  be  detrimental.^  (2)  Since  lamp  output  deteriorates 
with  lamp  age,  the  rates  of  otherwise  identical  cycloadditions  are  unlikely  to 
be  the  same;  therefore,  it  is  of  critical  importance  that  the  progress  of  each 
photochemical  reaction  be  followed  by  some  suitable  means  ( GLC,  IR,  UV,  NMR, 
etc).  (3)  As  long  as  all  the  incident  light  of  appropriate  wavelength  is 
absorbed  by  the  enone  the  reaction  proceeds  at  a  rate  independent  of  enone 
concentration;  thus,  the  highest  concentration  of  enone  at  which  dimerization 
can  be  avoided  is  optimal. 

Several  examples  of  preparative  cycloadditions  are  listed  in  Table  I. 
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TABLE  I 


PREPARATIVE-SCALE  CYCLOADDITIONS 


Entry  Enone  Weight  Olefin  Time  Product(s)  Yield 


(g) 


(hr) 


(%) 


6 


Cl HC=CHC1  10 


aA  mixture  of  cis  and  trans  olefins  was  used;  a  mixture  of  diastereomeric 
products  was  obtained.  Both  olefins  give  similar  mixtures. 
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1.  Department  of  Chemistry,  University  of  South  Carolina,  Columbia,  SC 
29208.  a)  Present  address:  Cargill  Interests,  Ltd.,  P.0.  Box  992, 
Longview,  TX  75606. 

2.  Bloomfield,  J.  J.;  Owsley,  D.  C.  Org.  Photoahem.  Synth.  1976,  2,  36. 

3.  Smith,  L.  I.;  Rouault,  G.  F.  J.  Am.  Chem.  Soc.  1943,  65,  631. 

4.  For  reviews  see:  Eaton,  P.  E.  Acet.  Chem.  Ree.  1968,  2,  50;  de  Mayo,  P. 
Aaat.  Chem.  Res.  1971,  4,  41;  Bauslaugh,  P.  G.  Synthesis  1970,  287; 
Sammes,  P.  G.  Synthesis  1970,  636;  Dilling,  W.  L.  Chem.  Rev.  1966,  66, 
373;  1969,  69,  845;  Wiesner,  K.  Tetrahedron  1975,  31,  1655;  Dilling,  W. 
L.  Photoahem.  Photobiol.  1977,  25,  605;  1977,  26,  557. 

5.  Loutfy,  R.  0.;  de  Mayo,  P.  J  Am.  Chem.  Soa.  1977,  99,  3559. 

6.  Cargill,  R.  L.;  Wright,  B.  W.  J  Org.  Chem.  1975,  40,  120. 

7.  Peet,  N.  P.;  Cargill,  R.  L.;  Bushey,  D.  F.  J.  Org.  Chem.  1973,  38,  1218. 

8.  Rae,  I.  D.;  Umbrasas,  B.  N.  Aust.  J.  Chem.  1975,  28,  2669 

Appendi x 

Chemical  Abstracts  Nomenclature  (Collective  Index  timber); 

(Registry  Number) 

6-Methyl bi cycl o[4 .2 .0]octan-2-one:  Bicyclo[4.2.0]octan-2-one,  6-methyl  - 
(8,9);  (13404-66-5) 

3-Methyl -2-cycl ohexenone :  2-Cyclohexen-l-one,  3-methyl-  (8,9);  (1193-18-6) 
Ethylene  (8);  Ethene  (9);  (74-85-1) 
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COPPER  ( I ) -CATALYZED  PHOTOCYCLOADDITION: 
3,3-DIMETHYL-cis-BICYCL0[3.2.0]HEPTAN-2-0NE 
( Bicycl o[3 .2 .0] hep tan-2 -one ,  3 ,3- dimethyl - ) 


\  pTsOH 

A.  ) — CHO  +  (|  OH  - 


CHO 


1 


Submitted  by  Robert  G.  Salomon  and  Subrata  Ghosh*. 
Checked  by  Daniel  K.  Jackson  and  Richard  E.  Benson. 


1.  Procedure 


A.  2,  2-Dimethyl-4-pentenal .  In  a  500-mL,  one-necked,  round-bottomed 
flask  which  contains  a  magnetic  stirring  bar  are  placed  108  g  (1.5  mol)  of 
i sobutyral dehyde  (Note  1),  58  g  (1.0  mol)  of  allyl  alcohol  (Note  1),  230  mL  of 
p-cymene  (Note  1),  and  0.4  g  (2  mmol)  of  p-tol  uenesul fonic  acid  monohydrate 
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(Note  1).  The  mixture  is  heated  with  a  mantle  with  stirring  for  32  hr  under  a 
50-cm  fractionating  column  packed  with  6-mm  glass  beads  and  topped  by  a  Dean- 
Stark  trap.  The  reaction  mixture  is  then  distilled  through  the  packed 
column.  The  fraction  which  boils  at  120°-126°C  is  collected.  The  yield  is 
86.0-87.3  g  (77-78%)  of  2,2-dimethyl-4-pentenal  (1)  as  a  clear,  colorless  oil, 
n§5  1.4216  (Note  2). 

B.  4,  4-Dimethyl-l , 6-heptadien-3-ol .  In  a  1-L,  three-necked,  round- 
bottomed  flask,  fitted  with  mechanical  stirrer,  500-mL  pressure-equal izing 
addition  funnel,  and  condenser  topped  with  a  gas  inlet  for  maintaining  an 
atmosphere  of  dry  nitrogen,  is  placed  17  g  (0.7  g-atom)  of  magnesium  turnings 
(Note  3).  The  system  is  flushed  with  nitrogen,  and  methanol  maintained  at 
-20°C  is  circulated  through  the  condenser  (Note  4).  From  a  solution  of  70  g 
(0.65  mol)  of  vinyl  bromide  (Note  5)  in  400  mL  of  tetrahydrofuran  (Note  6),  a 
50-mL  quantity  is  added  by  means  of  the  addition  funnel,  and  the  resulting 
mixture  is  stirred  mechanically.  After  a  few  minutes  an  exothermic  reaction 
ensues  which  subsides  after  several  minutes  of  vigorous  boiling  (Note  7).  The 
remainder  of  the  vinyl  bromide  solution  is  added  at  such  a  rate  as  to  maintain 
a  gentle  reflux.  After  stirring  at  room  temperature  for  12  hr,  the  resulting 
mixture  is  cooled  with  an  ice-water  bath,  and  62  g  (0.55  mol)  of  2,2-dimethyl - 
4-pentenal  (1)  is  added  dropwise  over  25-30  min  through  the  addition  funnel 
which  is  then  rinsed  with  10  mL  of  dry  tetrahydrofuran .  The  resulting  mixture 
is  stirred  for  1  hr  at  23°C  and  then  poured  into  a  mixture  of  1  kg  of  ice,  200 
mL  of  coned  hydrochloric  acid,  and  400  mL  of  water.  The  resulting  mixture  is 
extracted  with  three  500-mL  portions  of  ether.  The  combined  extracts  are 
washed  successively  with  400  mL  of  water,  400  mL  of  saturated  aqueous  sodium 
bicarbonate,  and  400  mL  of  saturated  aqueous  sodium  chloride  and  then  dried 
over  anhydrous  sodium  sulfate.  The  drying  agent  is  removed  by  filtration  and 
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the  ether  is  removed  with  a  rotary  evaporator.  Distillation  of  the  product 
through  a  15-cm  vacuum-jacketed  Vigreux  column  gives  63.4-63.8  g  (82-83% 

yield)  of  4 ,4-dimethyl-l ,6-heptadi en-3-ol  (2),  bp  76-79°C  (20  mm),  ng4  1.4562 
(Note  8) . 

C.  3, 3-Dimethyl-cis-bicyclo[3 .2 .0Jheptan-2-ol .  A  25-mL  test  tube  is 
charged  with  0.3-0. 4  g  (0.6-0. 8  mmol)  of  bis(copper  tri fl uoromethanesul - 
fonate)benzene  complex  (Note  9)  and  sealed  with  a  rubber  septum  under  an 
atmosphere  of  dry  nitrogen.  A  solution  of  5  mL  (4.3  g,  0.031  mol)  of  4,4- 

dimethyl -1 ,6-heptadi  en-3-ol  in  10  mL  of  ether  (Note  10)  is  added  by  means  of  a 
syringe.  The  resulting  solution  is  poured  (Note  11)  into  a  nitrogen-flushed 
Pyrex  250-mL  annular  reactor  fitted  with  a  magnetic  stirrer,  an  internal 
concentric  water- jacketed  quartz  immersion  well,  and  a  water-cooled  reflux 
condenser  topped  with  a  gas  inlet  for  maintaining  an  atmosphere  of  dry 

nitrogen.  An  additional  20  mL  (17.4  g,  0.124  mol)  of  the  hydroxydiene  2  in 

200  mL  of  dry  ether  is  added.  The  resulting  solution  is  stirred  and  irrad¬ 
iated  for  15  hr  with  a  450- watt  medium  pressure  Hanovia  mercury  arc  (Note  12) 
which  is  suspended  in  the  immersion  well.  At  the  end  of  that  time  an  opaque 
film  of  copper  is  wiped  from  the  immersion  well,  and  irradiation  is  then 

continued  for  an  additional  7  hr.  The  resulting  solution  is  shaken  in  a 

separatory  funnel  with  a  mixture  of  100  g  of  ice  and  100  mL  of  coned  aqueous 

ammonium  hydroxide.  The  organic  phase  is  separated  and  the  aqueous  phase  is 

extracted  with  100  mL  of  ether.  The  organic  phases  are  combined  and  washed 
with  100  mL  of  saturated  aqueous  sodium  chloride,  and  dried  over  anhydrous 
sodium  sulfate.  The  solvent  is  removed  by  distillation  using  a  rotary 
evaporator  and  the  product  is  distilled  through  a  15-cm  vacuum-jacketed 
Vigreux  column  to  give  19.0-19.9  g  (88-92%  yield)  of  3,3-dimethyl-cis- 
bicycl o[3.2.0]heptan-2-ol  (3),  bp  80-84°C  (12  irm) ,  n§5  1.4761-1  .4783  (Note 

13). 
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V 


D.  3, 3-Dimeth.yl-cis-bicyclo[3 .2 .Ojheptan-2-one .  In  a  500-mL  Erlenmeyer 
flask  which  contains  a  magnetic  stirring  bar  is  placed  35.1  g  (0.25  mol)  of 
3,3-dimethyl-cis-2-bicyclo[3.2.0]heptanol  and  200  mL  of  acetone  (Note  14). 
The  solution  is  cooled  with  an  ice-water  bath  while  100  mL  of  2.7  M  Jones 
reagent  (Note  15)  is  added  in  small  portions  over  15  min  with  vigorous 
stirring  (Note  16).  The  ice-water  bath  is  removed  and  the  reaction  mixture  is 
stirred  at  5-20°C  for  2  hr.  Then  400  mL  of  saturated  aqueous  sodium  chloride 
is  added,  and  the  resulting  mixture  is  extracted  with  three  500-mL  portions  of 
ether.  The  extractions  are  combined  and  washed  successively  with  400  mL  of 
saturated  aqueous  sodium  chloride  and  200  mL  of  saturated  aqueous  sodium 
bicarbonate.  The  solvent  is  removed  by  means  of  a  rotary  evaporator  and  the 
resulting  product  is  transferred  to  a  separatory  funnel  and  separated  from  the 
water.  The  aqueous  layer  is  extracted  with  50  mL  of  ether.  The  product  and 
the  ether  layer  are  combined  and  dried  over  anhydrous  sodium  sulfate.  The 
ether  is  removed  by  distillation  using  a  rotary  evaporator  and  the  product  is 
distilled  through  a  15-cm  vacuum- jacketed  Vigreux  column  to  give  28.7-32.2  g 
(83-93%  yield)  of  3,3-dimethyl-cis-bicyclo[3.2.0]heptan-2-one  (4),  bp  72-75°C 
(12  mm),  ng°  1.4622  (Note  17). 


2 .  Notes 

1.  Isobutyral dehyde,  allyl  alcohol,  p-cymene,  and  p-tol uenesul fonic  acid 
monohydrate  were  purchased  from  Aldrich  Chemical  Company,  Inc.,  and  used  as 
received. 

2.  The  submitters  state  that  the  distilled  product  was  about  97%  pure  as 
shown  by  GLC  analysis  on  a  6.4-mm  x  1.4-m  column  packed  with  15%  FFAP  on 
Chromosorb  W,  60-80  mesh  and  operated  at  140°C.  The  retention  time  is  about 
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1.40  min.  Two  minor  impurities  with  retention  times  of  about  0.95  and  1.15 
min  were  detected,  in  roughly  equal  amounts.  The  product  has  the  following 
spectral  properties:  IR  (neat)  cm-1:  2965  (m) ,  2925  (m),  1725  (vs),  1465 

(m),  and  915  (m),  together  with  numerous  weaker  absorption  bands;  *H  NMR 
(CDC13)  6:  1.04  (s,  6  H)  ,  2.22  (d,  2  H,  J  =  7.0),  4. 9-5. 3  (m,  2  H),  5. 4-6. 2 

(m,  1  H),  9.40  (s,  1  H). 

3.  Reagent  available  from  Fisher  Scientific  Company  was  used. 

4.  A  Neslab  ULT-80  refrigerated  circulating  bath  was  used.  Alterna¬ 
tively,  a  Dewar  condenser  cooled  with  acetone-dry  ice  can  be  used. 

-5.  Vinyl  bromide,  available  from  Aldrich  Chemical  Company  Inc.,  was  used 
as  received. 

6.  Tetrahydrofuran ,  anhydrous,  99.9%  (water  content  <0.006%)  was  pur¬ 
chased  from  Aldrich  Chemical  Company,  Inc.,  and  used  as  received.  The  vinyl 
bromide  solution  was  prepared  in  a  500-mL,  round-bottomed  flask  fitted  with  a 
glass  stopper.  The  stoppered  flask  containing  the  tetrahydrofuran  was  chilled 
to  about  5°C  and  weighed,  The  vinyl  bromide,  also  chilled  to  about  5°C,  was 
rapidly  poured  into  the  tetrahydrofuran  until  the  desired  amount  had  been 
added.  The  flask  was  stoppered,  the  contents  mixed  by  shaking,  allowed  to 
warm  to  about  16°C,  and  then  added  to  the  pressure-equalizing  addition  funnel. 

7.  The  checkers  found  it  necessary  to  initiate  the  reaction  with  a 
crystal  of  iodine. 

8.  The  submitters  state  that  the  purity  of  the  product  is  greater  than 
98%  by  gas  chromatographic  analysis  on  a  6.4-mm  x  1.4-m  column  packed  with  15% 
FFAP  on  Chromosorb  W,  60-80  mesh  and  operated  at  140°C.  The  retention  time  is 
about  4.7  min.  An  impurity  with  a  retention  time  of  about  2.9  min  was 
detected.  The  product  has  the  following  spectral  properties:  ^-H  NMR  ( CDC1 3 ) 
6:  0.84  (s,  3  H),  0.88,  (s,  3  H),  1.80-2.30  (m,  2  H),  2.69  (s,  1  H),  3.78  (d, 
1  H,  J  =  6),  4.87-5.33  (m,  4  H),  5.57-6.13  (m,  2  H). 
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9.  The  copper  complex  is  available  from  Strem  Chemicals,  Inc.,  under  the 
name  cuprous  triflate  (benzene  complex).  The  checkers  recommend  handling  the 
material  in  a  dry  box  because  of  its  high  moisture  and  air  sensitivity. 

10.  Anhydrous  ether  was  distilled  from  lithium  aluminum  hydride  under 
dry  nitrogen  immediately  before  use. 

11.  The  submitters  state  that  the  copper(I)  triflate  is  quite  air  stable 
in  solution  in  the  presence  of  the  allylic  alcohol. 

12.  The  checkers  recommend  the  use  of  a  relatively  new  arc  lamp. 
Substantially  higher  conversions  were  obtained  with  a  new  lamp  because  of  an 
apparent  bathochromic  shift  in  the  frequency  of  the  light  emitted  as  the  lamp 
ages,  thus  lessening  the  intensity  of  light  in  the  important  absorption  region 
for  the  reaction. 

13.  The  submitters  state  that  the  purity  of  the  product  is  greater  than 
97%  by  GLC  analysis  on  a  6.4-mm  x  1.4-m  column  packed  with  15%  FFAP  on 
Chromosorb  W,  60-80  mesh  and  operated  at  140°C.  The  retention  time  is  about 
8.0  min.  The  only  impurity  is  unreacted  diene  with  a  retention  time  of  about 
4.7  min.  The  product  is  an  epi meric  mixture.  TLC  analysis  by  the  submitters 
on  0.25-nm  silica  gel  with  20%  ethyl  acetate  in  hexane  shows  major  (>90%)  and 
minor  (<10%)  epimers  with  Rf  values  of  0.32  and  0.23  respectively.  The 
epimers  are  separable  by  column  chromatography  on  silica  gel  with  ethyl 
acetate- hexane  mixtures  as  eluting  solvents.  A  3.1-g  portion  of  the  distilled 
isomer  mixture  was  chromatographed  by  the  checkers  on  475  g  of  silica  gel 
(Silica  Woelm  TSC  -  activity  III/ 30  mm)  using  5%  ethyl  acetate/hexane  as 
eluent.  The  elution  proceeded  as  follows:  1520  mL,  nil;  1440  mL,  2.7  g  of 
endo  isomer;  1400  mL,  nil;  2010  mL,  0.20  g  of  exo  isomer.  Analysis  of  the  lH 
NMR  spectrum  of  the  distilled  product  confirms  that  the  reaction  is  greater 
than  90%  stereoselective  in  favor  of  the  endo  epimer.  The  major  epimer,  3,3- 
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dimethyl -endo-ci s-bicyclo[3.2.0]heptan-2-ol  ,  has  the  following  spectral 
properties:  lH  NMR  (CDC13)  6:  0.81  (s,  3  H),  1.13  (s,  3  H),  1. 4-3.2  (m,  9 

H),  3.66  (d,  1  H),  J  =  6.7);  13CMR  (CDC13)  <$:  16.3  (t),  22.5  (q,  CH3),  26.0 

( t) ,  27.8  (q,  CH3),  36.0  (d),  42.8  (d),  45.5  (t),  45.8  (s,  C-3),  80.9  (d,  C- 
2).  The  minor  epimer,  3,3-dimethyl-exo-cis-bicyclo[3.2.0]heptan-2-ol  ,  has  the 
following  spectral  properties:  NMR  ( CDC1 3)  6:  0.77  (s,  3  H),  1.08  (s,  3 

H),  1.2-2. 9  (m,  9  H),  3.80  (d,  1  H,  J  =  4.6);  13CMR  (CDCI3)  5  20.7  (q,  CH3), 
24.0  (t),  26.5  (q,  CH3) ,  27.1  (t),  34.6  (d),  45.6  (s,  C-3),  45.8  (d),  46.7 
(t),  88.7  (d,  C-2) . 

14.  Certified  ACS  grade  acetone  purchased  from  Fisher  Scientific  Company 
was  used  as  received. 

15.  Eisenbraun,  E.  J.  Org.  Synth.  Coll.  Vol.  V  1973,  310-314. 

16.  Initially  a  gummy  green  precipitate  is  formed  which  is  difficult  to 
stir  magnetically.  Eventually,  however,  the  inorganic  by-products  become  more 
fluid.  The  use  of  a  mechanical  stirrer  may  be  desirable. 

17.  The  submitters  state  that  the  distilled  product  is  <98%  pure  by  GLC 

on  a  6.4-rrri  x  1.4-m  column  packed  with  15%  FFAP  on  Chromosorb  W,  60-80  mesh, 
operated  at  140°C.  The  relative  retention  time  is  2.3  versus  an  unidentified 
impurity  at  1.0.  The  distilled  product  has  the  following  spectral 
properties:  IR  (neat)  crn-^-:  2960  (vs),  2940  (vs)  and  1735  (vs)  and  other 

weaker  bands.  lH  NMR  (CC14)  6:  0.92  (s,  3  H),  1.12  (s,  3  H),  1. 4-3.0  (m,  8 
H);  13CMR  (CDCI3) ,  6:  22.7,  24.1,  25.6,  26.4,  31.0,  43.9,  44.2,  48.4,  224.7. 
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3.  Discussion 


This  procedure  illustrates  a  general  method  for  the  preparation  of  2- 
hydroxybicyclo[3.2.0]heptanes  by  copper( I )-catalyzed  photobicyclization  of  3- 
hydroxy-1 ,6-heptadienes,1 2 3  and  a  general  route  to  the  requisite  dienes  from 
ally!  alcohols  by  conversion  to  4-pentenals  and  treatment  of  the  latter  with 
vinyl  Grignard  reagents. 

Compound  1,  2,2-dimethyl-4-pentenal  ,  has  been  prepared  by  the  Claisen 
rearrangement  route^  described  above  and  by  reaction  of  isobutyral dehyde  with 
allyl  chloride  in  the  presence  of  aqueous  sodium  hydroxide  and  a  phase- 
transfer  catalyst.4 5  Both  routes  are  applicable  to  the  synthesis  of  a  variety 
of  substituted  4-pentenals. 

ci s-Bicycl o[3 .2.0]heptan-2-ol s  have  been  prepared  by  reduction^  of  the 
corresponding  cis-bicyclo[3.2.0]-heptan-2-ones  which  have  been  prepared  by 
photocycloaddition  of  alkenes  with  2-cyclopentenones.6  The  synthetic  strategy 
of  the  present  procedure  is  complementary. 

1.  Department  of  Chemistry,  Case  Western  Reserve  University,  Cleveland,  OH 
44106. 

2.  Salomon,  R.  G.;  Coughlin,  D.  J.;  Easier,  E.  M.  J.  Am.  Chem.  Soa.  1979, 
101,  3961-3963. 

3.  Brannock,  K.  C.  J .  Am.  Chem.  Soa.  1959,  81,  3379-3383. 

4.  Dietl ,  H.  K.;  Brannock,  K.  C.  Tetrahedron  Lett.  1973,  1273-1275. 

5.  Svensson,  T.  Chem.  Sar.  1973,  3,  171-175. 

6.  For  reviews,  see  the  following.  Eaton,  P.  E.  Acc.  Chem.  Res.  1968,  1, 
50-57;  Bauslaugh,  P.  G.  Synthesis  1970,  287-300;  de  Mayo,  P.  Aaa.  Chem. 
Res.  1971,  4,  41-47. 
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Appendix 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Numbers) 


4-Pentenal,  2,2-dimethyl-  (8,9);  (5497-67-6) 

p-Cymene  (8);  Benzene,  1-methyl -4- (1-methyl ethyl )-  (9);  (99-87-6) 
1 ,6-Heptadien-3-ol ,  4,4-dimethyl-  (9);  (58144-16-4) 

Ethylene,  bromo-(8);  Ethene,  bromo-  (9);  (593-60-2) 
Bicyclo[3.2.0]heptan-2-ol ,  3,3-dimethyl-  (9);  (71221-67-5) 
Bis(copper( I )  trifl uoromethanesul fonate)benzene  complex:  Copper, 
(y-( benzene) ) bis ( tri fl uoromethanesul fonato-0) di-  (9) ;  (37234-97-2 
Bicyclo[3.2.0]heptan-2-one,  3,3-dimethyl-  (9);  (71221-70-0) 
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SYNTHESIS  OF  AZULENE 


Me2N  NMe2 

CIG 

1 


0 .  ,  NaOMe 

B.  1  - 

b.  1 2 5  °  C 

Submitted  by  Klaus  Hafner  and  Klaus-Peter  Meinhardt^. 
Checked  by  Stephen  G.  Senderoff  and  Andrew  S.  Kende. 


1 .  Procedure 


A  4-L,  three-necked,  round-bottomed  flask  equipped  with  a  mechanical 
stirrer,  500-mL  pressure-equalizing  dropping  funnel,  thermometer,  and  reflux 
condenser  provided  with  a  calcium  chloride  drying  tube  is  charged  with  202.6  g 
(1.0  mol)  of  l-chloro-2 ,4-dinitrobenzene  (Note  1)  and  1.2  L  of  dry  pyridine 
(Note  2).  The  mixture  is  heated  while  it  is  stirred  in  a  water  bath  to  80- 
90°C  for  4  hr,  during  which  time  a  thick  yellow  precipitate  of  N-(2,4- 
dinitrophenyl )pyridinium  chloride  is  formed  (Note  3).  After  cooling  to  0°C  a 
solution  of  100.0  g  (2.22  mol)  of  dimethyl  amine  in  300  mL  of  dry  pyridine  was 
pre-chi  lied  to  0°C  and  added  dropwise  over  a  period  of  about  30  min  with 
stirring.  The  resulting  brownish- red  liquid  reaction  mixture  is  allowed  to 
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warm  to  room  temperature  and  stirring  is  continued  for  12  hr.  The  drying  tube 
is  replaced  by  a  gas  inlet  and  the  system  is  flushed  with  dry  nitrogen  in  a 
hood.  Under  nitrogen,  70.0  g  (1.06  mol)  of  ice-cold,  freshly-distilled  cyclo- 
pentadiene  (Note  4)  is  added,  and  subsequently  400  mL  of  2.5  M  sodium  meth- 
oxide  solution  (Note  5)  is  slowly  added  dropwise  to  the  stirred  reaction 
mixture.  During  addition  of  the  sodium  methoxide,  the  temperature  rises  to 
35-40°C.  After  the  addition  is  completed,  stirring  is  continued  for  another  4 
hr.  The  reaction  vessel  is  immersed  in  an  oil  bath,  the  dropping  funnel 
removed,  and  the  flask  is  fitted  with  a  distillation  head.  The  stirred 
mixture  is  cautiously  heated  under  nitrogen  (Note  6),  and  a  mixture  of 
pyridine  and  methanol  is  distilled  off  until  the  temperature  of  the  reaction 
mixture  has  increased  to  105-110°C  (Note  7).  After  the  distillation  head  is 
removed  and  1  L  of  dry  pyridine  is  added,  the  black  mixture  is  heated  with 
stirring  under  a  nitrogen  atmosphere  for  4  days  with  a  bath  temperature  of 
125°C.  It  is  then  cooled  to  60°C,  the  reflux  condenser  is  replaced  by  a 
distillation  head,  and  pyridine  is  removed  under  reduced  pressure  (Note  8). 
The  gummy  black  solid  residue  is  removed  by  a  spatula  and  rinsed  with  hexanes. 
It  is  extracted  in  a  Soxhlet  apparatus  with  1.5  L  of  hexanes  in  several 
batches.  To  remove  the  remaining  pyridine,  the  combined  blue  hexane  rinse  and 
the  extraction  solutions  are  carefully  washed  with  two  150-mL  portions  of  10% 
aqueous  hydrochloric  acid,  then  water  (Note  9).  The  organic  layer  is  dried 
with  anhydrous  sodium  sulfate,  the  drying  agent  is  removed  by  filtration,  and 
the  solvent  is  distilled  through  a  50-cm  vacuum-jacketed  Vigreux  column.  The 
crude  azulene  is  purified  by  chromatography  on  activity  II  alumina  (Note  10) 
with  hexane,  and  yields  azulene  as  blue  plates,  mp  96-97°C,  yield  65-75  g  (51- 
59%)  (Note  11). 
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2 .  Motes 


1.  Commercial  1-chl oro-2 ,4-di nitrobenzene  was  obtained  from  Aldrich 
Chemical  Company,  Inc.  (Milwaukee)  or  from  Bayer,  AG  (Leverkusen,  FRG)  and 
used  directly. 

2.  Commercial  pyridine  was  dried  over  potassium  hydroxide  or  calcium 
hydride  and  distilled  prior  to  use.  The  checkers  used  reagent  grade  pyridine 

o 

(Mallinckrodt  AR)  which  was  distilled  from  KOH  and  stored  over  Linde  4A 
Molecular  Sieves. 

3.  The  reaction  mixture  should  be  evenly  warmed  to  80-90°C  within  30  min 
with  efficient  mechanical  stirring  to  prevent  caking  or  "hot  spots". 

4.  Dicyclopentadiene,  obtained  from  the  Aldrich  Chemical  Company,  Inc. 
(or  E.  Merck,  Darmstadt,  FRG),  was  cracked  just  prior  to  use  according  to  the 
procedure  of  Fieser  and  Williamson,2  to  give  the  monomer,  bp  40-42°C. 

5.  Sodium  methoxide  was  prepared  just  prior  to  use  from  23.0  g  (1.0  g- 
atom)  of  sodium  metal  and  400  mL  of  anhydrous  methanol  (distilled  from 
magnesium  turnings),  then  cooled  to  room  temperature. 

6.  Caution!  Dimethyl  amine  is  evolved. 

7.  Approximately  600  mL  of  distillate  will  be  collected. 

8.  The  blue  pyridine  distillate  is  redistilled  through  a  50-cm  vacuum- 
jacketed  Vigreux  column  (to  avoid  loss  of  azulene)  until  approximately  1.7  L 
is  collected;  the  residual  azulene  is  combined  with  the  main  residues  for 
extracti on. 

9.  A  total  volume  of  2  L  of  hexane  washes  results,  accompanied  by  the 
gradual  precipitation  of  a  yellow  solid  from  the  hexane  washes.  The  acid-wash 
procedure  frequently  leads  to  emulsions  and  gummy  yellow  solid  in  both  phases; 
back-extraction  of  the  "aqueous"  layer  with  hexane  may  be  necessary. 
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10.  Alumina  was  purchased  from  Macherey,  Nagel  and  Co.,  Oiiren  (FRG) .  The 
checkers  employed  650  g  of  neutral  alumina  (Fisher,  adsorption  grade,  80-200 
mesh)  packed  in  a  40-cm  high  column.  Yellow  impurities  remained  on  the 
column,  while  the  blue  azulene  came  off  with  the  hexane  solvent  front. 

11.  Further  purification  of  azulene  may  be  achieved  by  sublimation  at 
reduced  pressure,  mp  99°C.®  The  checkers  found  that  mechanical  losses, 
particularly  as  mentioned  in  Note  9,  lead  to  reduction  in  yield  with  reduction 
in  scale  (0.1  mol,  39%  yield;  0.5  mol,  43%  yield;  0.8  mol,  79%  yield). 

3.  Discussion 

Azulene  has  been  synthesized  by  a  variety  of  methods:  by  dehydrogenation 
of  hydroazulenes by  annelation  of  a  7-membered  ring  on  a  5-membered  ring 
either  by  ring-closure  of  vinyl ogous  aminopentafulvenes,**>®  or  by  cyclo¬ 
additions  of  aminopentaful venes  with  activated  1,3-dienes  or  alkynes,®  and  by 
annelation  of  a  5-membered  ring  on  a  7-membered  ring  starting  from  troponoids 
or  heptafulvenes.^>®b  Of  these,  the  Ziegler-Hafner  synthesis  of  azulene**  by 
thermal  cyclization  of  the  6-(4-methylanilino-l,3-butadienyl  )pentaful vene 
proved  to  be  the  most  versatile.  Azulene  is  also  simply  prepared  from  6- 
dimethyl ami nopentaful vene  and  thiophene  1,1-dioxide  or  from  6-acyl oxypenta- 
fulvenes  and  1-diethylaminobutadiene,  but  with  lower  yiel  ds.bb,c*,e 

The  present  procedure,  based  on  the  Ziegler-Hafner  synthesis,  is  simple 
and  avoids  the  use  of  benzidine  for  the  ring-closure  of  the  pentafulvene  and 
isolation  of  the  5-dimethyl  amino-2 ,4-pentadienyl i denedimethyl imi nium  per¬ 
chlorate.®  Other  amines  were  also  checked;  with  N-methyl aniline  ring-closure 
of  the  resulting  pentafulvene  in  pyridine  failed;  with  diethyl  amine  a  delay  in 
boiling  can  take  place  during  the  reaction. 
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Substituted  azulenes  can  be  prepared  in  the  same  manner  by  the  use  of 

\ 

substituted  cycl opentadienes  or  substituted  pentamethi nium  salts. 
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Appendix 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 


Azulene  (8,9);  (275-51-4) 

l-Chloro-2 ,4-dinitrobenzene:  Benzene,  1-chl oro-2 ,4-dini tro- 
Dimethyl amine  (8);  Methanamine,  N-methyl-  (9);  (124-40-3) 
Dicyclopentadiene :  4 ,7-Methanoi ndene ,  3a, 4, 7 ,7a-tetrahydro- 

1-H-indene,  3a, 4, 7 ,7a-tetrahydro-  (9);  (77-73-6) 


(8,9);  (97-00-7) 

(8);  4,7-Methano- 
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(3-HALOACETALS  AND  -KETALS:  2- (2-BR0M0ETHYL)-l ,3-DIOXANE  AND 
2 ,5 ,5-TRIMETHYL-2-( 2-BROHOETHYL )-l ,3-DIOXANE 


Submitted  by  J.  C.  Stowell ,  D.  R.  Keith,  and  B.  T.  King^. 
Checked  by  Yumi  Nakagawa  and  Robert  V.  Stevens. 


1.  Procedure 


A.  2- ( 2-Bromoethyl ) -1 , 3-dioxane  (1).  A  2-L,  three-necked  flask  is 
equipped  with  a  mechanical  stirrer,  thermometer,  and  gas  inlet  tube.  In  the 
flask  are  placed  750  mL  of  dichloromethane,  112  g  (2.00  mol)  of  acrolein  (Note 
1),  and  0.10  g  of  dici nnamal acetone  indicator  (Note  2)  under  nitrogen.  The 
yellow  solution  is  cooled  to  0-5°C  with  an  ice  bath.  Gaseous  hydrogen  bromide 
(Note  3)  is  bubbled  into  the  solution  with  stirring  until  the  indicator 
becomes  deep  red  (Note  4).  The  ice  bath  is  removed  and  1.0  g  of  p- toluene- 
sulfonic  acid  monohydrate  and  152.2  g  (2.00  mol,  144  mL)  of  1,3-propanediol 
(Note  1)  are  added.  The  yellow  solution  is  stirred  at  room  temperature  for  8 
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hr,  and  then  concentrated  with  a  rotary  evaporator.  The  residual  oil  is 
washed  with  two  250-mL  portions  of  saturated  aqueous  sodium  bicarbonate  and 
dried  over  anhydrous  potassium  carbonate.  Vacuum  distillation  through  a  30-cm 
Vigreux  column  yields  252  g  (65%)  of  1  as  a  colorless  liquid,  bp  72-75°C  (2.0 
mm),  n^°  1.4809  (Note  5) . 

B.  2t5,5-Tvimethyl-2-(2-bvomoethyl)-l,3-dioxane  (2).  A  1-L,  three¬ 
necked  flask  is  equipped  with  a  magnetic  stirrer  and  a  gas  inlet  tube.  In  the 
flask  are  placed  700  mL  of  dichl oromethane ,  140  g  (2.00  mol)  of  methyl  vinyl 
ketone  (Note  6),  and  0.010  g  of  dicinnamal acetone  indicator  (Note  2).  Anhy¬ 
drous  .  hydrogen  bromide  (Note  3)  is  bubbled  into  the  solution  with  stirring 
until  the  indicator  changes  to  deep  red  (Note  7).  The  gas  inlet  tube  is 
removed  and  208  g  (2.00  mol)  of  neopentanediol  ,  296  g  (2.00  mol)  of  triethyl 
orthoformate,  and  0.67  g  of  p-tol uenesul fonic  acid  monohydrate  are  added  to 
the  solution.  The  flask  is  stoppered  and  stirred  at  room  temperature  for  1-2 
hr  and  then  concentrated  by  rotary  evaporation  (Note  8).  The  concentrated 
solution  is  washed  twice  with  saturated  sodium  bicarbonate  solution 
( Caution :  there  is  some  foaming).  The  bicarbonate  washes  are  extracted  three 
times  with  dichl  oromethane  and  the  combined  organic  portions  dried  over 
anhydrous  K2CO3.  Rotary  evaporation  followed  by  vacuum  distillation  of  the 
residue  through  a  30-cm  Vigreux  column  yields  256  g  (54%)  of  2  as  a  clear, 
colorless  oil,  bp  65°C  (0.3  mm),  n§2  1.4687  (Note  9). 


2 .  Notes 

1.  The  acrolein,  1,3-propanediol,  and  cinnamal dehyde  were  purchased  from 
Aldrich  Chemical  Company,  Inc. 
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2. 


The  indicator  was  prepared  by  the  method  of  Diehl  and  Einhorn.2  A 
solution  of  5  g  of  sodium  hydroxide  in  50  mL  of  water  and  40  mL  of  ethanol  is 

prepared  in  a  250-mL  Erlenmeyer  flask.  To  this  is  added  a  solution  of  1.84  mL 

(0.025  mol,  1.45  g)  of  acetone  in  6.3  mL  (0.050  mol,  6.6  g)  of  freshly  dis¬ 
tilled  cinnamal dehyde  (Note  1).  This  mixture  is  stirred  thoroughly  at  room 

temperature  for  30  min.  The  resulting  voluminous  yellow  precipitate  is 
filtered  with  suction,  washed  with  100  mL  of  water,  and  dried,  affording  6.5  g 
of  l,9-diphenylnona-l,3,6,8-tetraen-5-one.  Recrystallization  from  200  mL  of 
hot  95%  ethanol  gives  3.5  g  of  yellow  crystals,  mp  142-143°C  (lit2  mp 
142°C).  This  indicator  is  also  available  from  Aldrich  Chemical  Co. 

3.  The  anhydrous  hydrogen  bromide  was  purchased  in  a  lecture  bottle 
from  Matheson.  A  trap  is  used  between  the  lecture  bottle  and  the  gas  inlet 
tube. 

4.  When  the  red  color  persists  5  min  after  the  hydrogen  bromide  has  been 

turned  off,  the  addition  is  finished.  At  this  point  the  proton  magnetic 
resonance  spectrum  shows  only  dichloromethane  and  3-bromopropanal  (60  MHz, 
CH2C12)  6:  3.04  (t,  2  H),  3.59  (t,  2  H),  10.67  (s,  1  H). 

5.  Product  1  has  the  following  spectral  characteristics:  IR  (neat) 

cm'1:  2980,  2870,  1250,  1150,  1140,  1015;  lH  NMR  (90  MHz,  CDC1 3 )  $:  1.38  (d 

of  m,  1  H,  one  5-position  on  dioxane  ring),  1.8-2. 4  (m,  the  other  5-position 
on  the  dioxane  ring),  2.14  (d  of  t,  2  H,  CH2-C-Br) ,  3.45  (t,  2  H,  CH2Br) ,  3.80 
(d  of  t,  2,  4,  and  6-positions  on  ring),  4.15  (d  of  double  d,  2,  4,  and  6- 
positions  on  ring),  4.71  (t,  1  H,  2-position  on  ring;  ^2C  magnetic  resonance 
(22.5  MHz,  CDCI3)  6:  100.06,  66.86,  38.08,  27.79,  25.79. 
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6.  The  neopentanedi ol  and  triethyl  orthoformate  were  purchased  from 
Aldrich  Chemical  Co.,  Inc.  and  used  as  received.  Failure  to  distil  the  methyl 
vinyl  ketone,  also  obtained  from  Aldrich  Chemical  Co.,  to  a  clear,  colorless 
liquid  before  use  resulted  in  difficulty  in  determining  the  endpoint  of  the 
reaction  with  HBr.  Therefore,  the  methyl  vinyl  ketone  was  distilled  prior  to 
use  at  reduced  pressure. 

7.  When  the  red  color  persists  5  min  after  the  hydrogen  bromide  has  been 

turned  off,  the  addition  is  finished.  At  this  point  the  proton  magnetic 
resonance  spectrum  shows  only  dichloromethane  and  4-bromo-2-butanone  (60  MHz, 
CH2C1?)  6:  2.15  (s,  3  H,  CH3C0),  3.02  (t,  2  H,  CH2C0),  3.52  (t,  2  H, 
CH2Br);  13C  NMR  (22.5  MHz,  CDC1 3)  6:  25.75,  30.11,  45.91,  205.12.  Little  or 

no  exotherm  is  noticed  during  the  hydrogen  bromide  addition. 

8.  The  reaction  can  be  conveniently  monitored  by  TLC  using  silica  plates 
and  eluting  with  1:4  ethyl  acetate-heptane. 

9.  Product  2  has  the  following  characteristics:  IR  (neat  liquid)  cm-1: 
2970,  2880,  1260,  1220,  1125,  1085;  XH  NMR  (60  MHz,  CDC1 3)  6:  0.81  (s,  3  H, 
5-methyl),  1.01  (s,  3  H,  5-methyl),  1.34  (s,  3  H,  2-methyl),  2.05-2.45  (m,  2 
H,  CH2-C-Br),  3. 2-3. 8  (m,  6  H,  CH20  and  CH2Br ) ;  13C  NMR  (22.5  MHz,  CDC1 3)  6: 
19.64,  22.24,  22.76,  26.99,  29.72,  43.25,  70.23,  98.26. 

3.  Discussion 

Cyclic  ($-haloacetals  and  -ketals  have  been  prepared  by  variations  on  two 
basic  methods.  The  most  frequently  used  method  involves  the  combination  of  an 
a,8-unsaturated  carbonyl  compound  (acrolein,  methyl  vinyl  ketone,  croton- 
aldehyde,  etc.)  a  diol,  and  the  anhydrous  hydrogen  halide.  All  possible 
sequences  of  combining  these  three  have  been  used.  In  most  cases  the 
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anhydrous  acid  was  dissolved  in  the  diol  and  then  the  carbonyl  compound  was 
added  slowly.3"7  Alternatively,  the  acetals  of  the  cx,(3-unsaturated  carbonyl 
compounds  were  prepared  and  isolated  and  then  the  hydrogen  halide  was 
added.3  Finally  the  hydrogen  halide  may  be  added  to  the  a,£3-unsaturation 
followed  by  acetal  formation,9  and  this  is  the  basis  of  the  present 
procedures. 

The  second  general  method  is  the  aluminum  halide-catalyzed  reaction  of 
acid  halides  with  ethylene  to  give  (3-halo  ketones  which  are  subsequently 
converted  to  ketal s.33 ,33 

The  preparations  are  much  simplified  if  a  stoichiometric  amount  of 

hydrogen  halide  is  added  using  an  indicator  to  determine  the  end  point.  We 

have  found  that  1,9-diphenylnona-l ,3 ,6 ,8-tetraen-5-one  (dicinnamalacetone)33 

is  of  appropriate  basicity  to  detect  excess  anhydrous  hydrogen  halides  in 

organic  solvents  including  chloroform,  dichloromethane,  benzene,  toluene, 

acetic  acid,  and  acetone  (but  not  in  alcohols).  The  reaction  between  the 

hydrogen  halide  and  the  a,g-unsaturated  carbonyl  compound  is  fast  enough  at  0 

to  25°C  that  the  end  point  is  readily  detected,  and  the  yield-lowering  use  of 

1  ? 

excess  hydrogen  halide  or  long  contact  times  are  avoidable.  The  inter¬ 
mediate  (3-halo  aldehydes  are  unstable  toward  trimerization^  if  they  are  not 
diluted  by  a  solvent  and  therefore  should  not  be  isolated  but  used  directly  in 
the  next  step.  g-Bromo  ketones  darken  upon  isolation  and  brief  storage  so 
they  too  should  be  protected  directly. 

The  conversion  of  the  intermediate  bromo  aldehyde  to  the  dioxane  proceeds 
readily  owing  to  a  favorable  equilibrium  position.  However,  the  equilibrium 
for  the  reaction  of  the  bromo  ketone  with  the  diol  is  unfavorable  and  requires 
removal  of  the  by-product,  water.  This  is  done  under  mild  conditions  using 
ethyl  orthoformate.35 
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We  have  chosen  to  use  1,3-diols  because  the  Grignard  reagents  derived 
from  the  1,3-dioxanes  are  thermally  stable.16  This  contrasts  with  the  use  of 
ethylene  glycol  where  the  resulting  g-haloalkyl  dioxolanes  give  Grignard 
reagents  which  decompose  at  25  to  35°C. 17-19  Acyclic  acetals  give  insuffi¬ 
cient  protection  to  allow  preparation  of  Grignard  reagents.19  The  protection 
of  the  ketone  with  1,3-propanediol  is  not  readily  driven  to  completion,  but 
with  neopentanediol  the  equilibrium  lies  further  toward  ketal  formation,29 
giving  a  better  yield  of  more  stable  ketal. 

g-Hal oacetal s  and  -ketal s  have  recently  seen  wide  use  as  alkylating 
agents10,21-24  and  in  the  preparation  of  Grignard  reagents.  The  Grignard 
reagents  have  been  alkylated,26  acyl ated  ,16 ,26  added  to  carbonyl 
groups,6,18,27-22  and  used  in  Michael  additions.22-26  One  example  also  gives 
a  useful  Wittig  reagent.9  Subsequent  reactions  of  these  products  generally 
require  removal  of  the  acetal  and  ketal  groups  to  regenerate  the  carbonyl 
function.  This  is  readily  done  with  aqueous  acid  in  most  cases,  but  not  when 
aldehydes  were  protected  with  1,3-diols  because  of  the  high  equilibrium 
stability  of  the  corresponding  dioxanes.  This  problem  is  readily  overcome  by 
first  converting  to  the  dimethyl  acetal  in  methanol  and  then  using  aqueous 
acid  hydrolysis,  or  by  using  other  specialized  methods.9,16 
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V 

Appendi x 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 

2-(2-Bromoethyl )-l ,3-dioxane:  m-Dioxane,  2-(2-bromoethyl )-  (8);  1,3-Dioxane, 
2-(2-bromoethyl )-  (9);  (33884-43-4) 

Acrolein  (8);  2-Propenal  (9);  (107-02-8) 

Dicinnamalacetone:  l,3,6,8-Nonatetraen-5-one,  -  1,9-diphenyl  (8,9); 
(622-21-9) 

1,3-Propanediol  (8,9);  (504-63-2) 

Methyl  vinyl  ketone:  3-Buten-2-one  (8,9);  (78-94-4) 

4-Bromo-2-butanone:  2-Butanone,  4-bromo-  (8,9);  (28509-46-8) 

Neopentanediol :  1,3-Propanediol,  2,2-dimethyl-  (8,9);  (126-30-7) 
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SYNTHESIS  AND  DIELS-ALDER  REACTIONS  OF  3-ACETYL-2(3H)-0XAZ0L0NE 
[2(3H)-Oxazolone,  3- acetyl-] 


A. 


rNH2 

+  (EtO)2CO 

^OH 


NaOMe 


B. 


H 


^=0  +  Ac20 

^0 


NaOAc 


C. 


O.  Cl2,h»' ,CCI4 

b  120* -  150*C 


Ac 

I 


0 


D. 


160*,  PhH 
Hydroquinone 


E. 


H  Ac 

■  I 


I 


H 


KOH 
Me  OH 
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1 .  Procedure 


A.  2-Oxazolidinone .  A  2-L,  three-necked  flask  equipped  with  a  ther¬ 
mometer,  magnetic  stirring  bar,  and  a  Vigreux  column  fitted  with  a  distilla¬ 
tion  head  is  charged  with  305  g  (5.0  mol)  of  freshly  distilled  2-ami  noethanol , 
730  g  (6.2  mol)  of  diethyl  carbonate,  and  2.5  g  (0.05  mol)  of  sodium  methoxide 
(Note  1).  The  mixture  is  stirred  and  the  flask  is  heated  in  an  oil  bath 
maintained  at  125-130°C.  Ethanol  begins  to  distill  off  when  the  internal 
temperature  reaches  95-100°C.  After  heating  for  about  8  hr,  the  internal 
temperature  reaches  125°C  and  ethanol  ceases  to  distill  (Note  2).  The 
reaction  mixture  is  allowed  to  cool  to  60-70°C  and  is  poured  into  1  L  of  cold 
chloroform  (Note  3).  The  resulting  solution  is  chilled  thoroughly  in  an  ice- 
water  bath  and  the  precipitated  product  is  recovered  by  filtration.  The 
filtrate  is  concentrated  to  250  mL  and  chilled  to  give  a  second  crop.  The 
combined  crops  are  dried  in  a  vacuum  oven  at  50°C  to  give  320-339  g  (74-78%) 
of  white  crystals,  mp  86-88°C  [lit.2  mp  87-89°C]  (Note  4). 

B.  3-Acetyl-2-oxazolidinone.  A  3-L,  one-necked  flask  equipped  with  a 
reflux  condenser  and  a  magnetic  stirring  bar  is  charged  with  326  g  (3.75  mol) 
of  2-oxazol idi none,  94  g  (1.15  mol)  of  anhydrous  sodium  acetate,  and  1.6  L  of 
acetic  anhydride.  The  stirred  solution  is  refluxed  for  3  hr  and  the  acetic 
anhydride  is  then  removed  by  distillation  at  15-20  mm.  The  residue  is 
extracted  with  three  875-mL  portions  of  boiling  toluene  (Note  5),  and  the  hot 
toluene  extractions  are  filtered,  combined,  and  concentrated  to  a  total  volume 
of  675  mL.  Diethyl  ether  (675  mL)  is  added  with  stirring  to  the  toluene  solu¬ 
tion  and  the  mixture  is  chilled  in  an  ice-water  bath.  The  precipitate  is 
removed  by  filtration  and  washed  with  250  mL  of  diethyl  ether  to  give  328-403 
g  (68-83%)  of  colorless  to  very  light  tan  crystals,  mp  65-67°C  [lit.2  mp  69- 
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70°C]  (Note  6).  A  second  crop  of  63-24  g  (13-5%),  mp  65-68°C,  is  obtained  by 
concentrating  the  filtrate  to  275  mL  and  chilling  it  in  an  ice- water  bath. 

C.  3-Acetyl  4-  and  5-ahloro-2-oxazolidinone.  A  3-L,  four-necked  flask 
is  equipped  with  a  reflux  condenser  topped  with  a  gas  discharge  tube,  ther¬ 
mometer,  fritted  glass  inlet  tube  extending  to  the  bottom  of  the  flask,  and  a 
glass  sleeve  for  accepting  an  UV  lamp  (Note  7).  The  reaction  vessel  is 
charged  with  258  g  (2.0  mol)  of  3-acetyl-2-oxazol idinone,  2  L  of  carbon  tetra¬ 
chloride,  and  several  boiling  chips.  The  mixture  is  heated  to  gentle  reflux, 
the  light  source  is  turned  on,  and  155  g  (2.18  mol)  of  chlorine  gas  (Note  8) 
is  introduced  at  such  a  rate  that  no  chlorine  escapes  from  the  condenser  (Note 
9).  After  the  addition  is  complete,  heating  is  discontinued  and  nitrogen  is 
bubbled  through  the  reaction  mixture  to  remove  the  dissolved  hydrogen 
chloride.  The  solvent  is  then  removed  on  a  rotary  evaporator  to  give  a  yellow 
oil,  which  consists  of  a  mixture  of  3-acetyl  4-  and  5-chloro-2-oxazolidinonesJ 
and  is  used  in  Step  D  without  further  purification. 

D.  3-Acetyl-2 ( 3H ) -oxasolone .  The  crude  mixture  of  3-acetyl  4-  and  5- 

chloro-2-oxazol  idi none  from  Step  C  is  placed  in  a  2-L,  three-necked  flask 
equipped  with  a  thermometer,  sealed  mechanical  stirrer,  and  gas  discharge 
tube.  The  material  is  heated  to  120°C  with  stirring,  and  the  temperature  is 
then  slowly  increased  to  150°C  and  held  there  until  the  evolution  of  gas 
ceases  (Note  10).  The  cooled,  black  reaction  mixture  is  distilled  at  20  inn. 
The  fractions  boiling  up  to  150°C  are  collected  and  redistilled  through  a  50- 
cm  x  3-cm  Vigreux  column  fitted  with  a  variable  take-off  head.  There  is 
obtained  140-172  g  (55-68%)  of  product,  bp  108-112°C  (24  mm),  which 

solidifies,  mp  35-37°C  (Note  11). 


151 


E.  4-Acetyl-7 , 8-d.imethyl-2-oxa-4-aza.bicy do [ 4 .3 .0]non-7-en-3-one.  A 

solution  of  63.5  g  (0.5  mol)  of  3-acetyl -2(3H)-oxazol one,  27.5  g  (0.33  mol)  of 
2,3-dimethylbutadiene  (Note  12)  and  2.0  g  of  hydroquinone  in  125  mL  of  benzene 
is  heated  at  160°C  under  nitrogen  in  a  360-mL  Hastelloy  C  shaker  tube  (Note 
13).  After  12  hr,  the  pressure  vessel  is  cooled  to  room  temperature, 

recharged  with  27.5  g  of  2,3-dimethylbutadiene,  and  heated  another  12  hr  at 
160°C.  The  vessel  is  again  cooled,  recharged  with  27.5  g  of  2,3-dimethyl- 

butadiene,  and  heated  at  160°C  for  a  final  12  hr.  The  resulting  mixture  is 
distilled  to  give  36.4-40.3  g  (35-39%)  of  crude  product,  bp  115-130°C  (0.5 

mm),  which  solidifies  (Notes  14  and  15).  This  material  can  be  recrystallized 
by  adding  36.4  g  of  melted  product  to  50  mL  of  boiling  hexane,  followed  by 
cooling  to  give  27.6  g  (26%)  of  crystals,  mp  72-78°C  (Note  16). 

F.  6-Amino-3,4-dimethyl-cis-3-cydohexen-l-ol .  A  solution  of  26.1  g 

(0.125  mol)  of  4-acetyl-7,8-dimethyl-2-oxa-4-azabicyclo[4.3.0]non-7-en-3-one 
and  42.0  g  (0.75  mol)  of  potassium  hydroxide  in  200  mL  of  methanol  and  100  mL 
of  water  is  refluxed  for  36  hr.  The  resulting  mixture  is  exhaustively 

extracted  with  diethyl  ether  using  a  liquid-liquid  continuous  extraction 
apparatus.  The  ethereal  extract  is  concentrated  on  a  rotary  evaporator  and 
the  residue  is  taken  up  in  150  mL  of  methylene  chloride.  The  resulting 
solution  is  dried  over  anhydrous  sodium  sulfate,  the  drying  agent  is  removed 
by  filtration,  and  the  filtrate  is  concentrated  to  dryness.  The  solid  residue 
(16.5  g)  is  recrystallized  from  100  mL  of  diethyl  ether  to  give  11.2  g  (64%) 
of  colorless  crystals,  mp  63-65. 5°C.  A  second  crop  of  2.3  g  (13%)  is  obtained 
by  concentrating  the  mother  liquor  to  50  mL  and  chilling  in  an  ice-water  bath 
(Note  17) . 
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2.  Notes 


1.  The  checkers  obtained  2-ami  noethanol ,  diethyl  carbonate,  and  anhy¬ 
drous  sodium  methoxide  from  the  Aldrich  Chemical  Company. 

2.  About  625  mL  (theoretical:  583  mL)  of  ethanol  is  collected.  If  the 
reaction  is  stopped  before  this  volume  is  collected,  the  yield  is  reduced. 

3.  If  the  reaction  mixture  cools  below  60°C,  the  product  solidifies  in 
the  flask. 

4.  The  product  shows  the  following  NMR  spectrum  (dg-DMSO)  5:  3. 3-3. 8 

(m,  2  H),  4. 2-4. 6  (m,  2  H),  6. 5-7. 5  (br  s,  1  H)  and  is  analytically  pure. 

Anal.  Cal cd  for  C3H5N02:  C,  41.38;  H,  5.79;  N,  16.09.  Found:  C,  41.61;  H, 
5.70;  N,  16.06.  The  submitters  report  that  they  obtained  pure  material,  mp 
89-90°C,  after  three  recrystallizations  from  chloroform. 

5.  This  is  conveniently  done  by  adding  the  toluene  to  the  residue  in  the 
flask,  heating  to  reflux  in  an  oil  bath  and  then  filtering  the  hot  mixture. 

6.  This  material  shows  the  following  NMR  spectrum  (C0C13)  6:  2.49 

(s,  3  H) ,  3. 8-4. 7  (complex  m,  4  H)  and  has  acceptable  analysis.  Anal.  Calcd 

for  C5H7N03:  C,  46.51;  H,  5.46;  N,  10.85.  Found:  C,  46.49;  H,  5.40;  N, 

10.99.  The  submitters  report  that  they  obtained  colorless,  analytically  pure 
material,  mp  69-70°C,  after  three  recrystallizations  from  benzene. 

7.  The  submitters  used  a  Philips  HPK  125-watt  high-pressure  mercury 
vapor  lamp.  The  sleeve  is  2-mm  Pyrex  glass  with  an  NS45  ground  joint.  The 
lamp  does  not  require  cooling.  The  checkers  obtained  equally  good  results  by 
shining  a  Westinghouse  250-watt  sun  lamp  on  the  reaction  flask  from  a  distance 
of  25  cm. 
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8.  The  chlorine  gas  is  passed  successively  through  three  wash  bottles. 
The  center  bottle  is  filled  with  concentrated  sulfuric  acid  and  the  other  two 
are  left  empty  to  serve  as  safety  traps. 

9.  The  photochlorination  takes  4-6  hr.  The  hydrogen  chloride  evolved  is 
absorbed  in  water. 

10.  Dehydrochlorination  begins  at  about  120°C.  The  temperature  is  raised 
about  10°C/hr  to  150°C  to  avoid  vigorous  gas  evolution.  The  elimination  of 
hydrogen  chloride  is  complete  after  5-6  hr. 

11.  The  submitters  report  yields  of  150-200  g,  and  that  analytically  pure 

material  boils  at  110°C  (24  mu)  and  melts  at  35-37°C  after  recrystal  1 i zation 
from  diethyl  ether.  The  material  obtained  by  the  checkers  showed  a  satisfac¬ 
tory  analysis  without  further  purification.  Anal.  Calcd  for  C5H5NO3:  C, 
47.25;  H,  3.97;  N,  11.02.  Found:  C,  46.81;  H,  4.00;  N,  11.21.  The  material 
shows  the  following  *H  NMR  spectrum  ( CDC1 3 )  <$:  2.63  (s,  3  H) ,  6.90  (d,  1  H,  J 

=  2.5),  7.30  (d,  1  H,  J  =  2.5);  IR  (CC14)  cm'1:  1880,  1735  (C=0). 

12.  The  sample  of  2,3-dimethylbutadiene  was  obtained  from  the  Aldrich 

Chemical  Company. 

13.  The  submitters  employed  a  nickel  autoclave  and  noted  that  product 

from  Step  D  may  contain  a  small  amount  of  hydrogen  chloride  or  chlorinated 
material  than  can  adversely  affect  a  stainless  steel  pressure  vessel. 

Hastelloy  C  is  a  high-nickel  alloy. 

14.  The  submitters  obtained  48.0  g  of  product  and  33.5  g  of  recovered 

starting  material,  bp  110°C  (24  mm).  The  checkers  found  that  the  forerun 
collected  at  108-112°C  (24  mu)  contained  starting  material,  but  it  was  highly 
contaminated  with  unidentified  by-products. 
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15.  The  checkers  obtained  erratic  results  in  this  step,  possibly  because 
of  surface  effects  or  trace  impurities  in  the  pressure  vessel.  In  two  other 
runs,  only  16.8-18.8  g  of  crude  product  were  obtained.  In  one  case,  high 
boiling  oligomers  were  formed,  but  none  of  the  desired  product  was  produced. 
Impurities  in  the  diene  or  dienophile  did  not  appear  to  be  the  problem  since 
runs  which  employed  recrystallized  3-acetyl-2(3H)-oxazolone  and  redistilled 
2 ,3-dimethyl  butadiene  also  gave  variable  results. 

16.  The  submitters  report  pure  product  with  bp  135-137°C  (1.2  mm)  and  mp 

78-80°C  after  recrystallization  from  chloroform.  The  checkers  found  that 
recrystallization  from  chloroform  gave  very  poor  recovery  of  product  with  mp 
75-78°C.  Material  with  mp  72-78°C  is  pure  by  NMR,  mass  spectroscopy,  and 
combustion  analysis;  NMR  (CDCI3)  6:  1.70  (s,  6  H),  2.33  (m,  4  H),  2.45 

(s,  3  H),  4.40  (d  of  t,  1  H,  J  =  9.0,  4.5),  4.83  (d  of  t,  1  H,  J  =  9.0,  4.5); 
IR  (KBr)  cm-^:  1780,  1690.  Mass  spectrum  m/e  calculated:  209.1051. 
Found:  209.1030.  Anal.  Calcd  for  C^H^NOj:  C,  63.14;  H,  7.23;  N,  6.69. 

Found:  C,  63.19;  H,  7.10;  N,  6.67. 

17.  The  product  shows  the  following  NMR  spectrum  ( CDC1 3 )  6:  1.60  (s, 

6  H),  2.13  (br  m,  4  H),  2.30  (s,  3  H),  3.00  (m,  1  H),  3.80  (m,  1  H)  and  is 
analytically  pure.  Anal.  Calcd  for  CgH^gON:  C,  66.35;  H,  10.71;  N,  9.92. 
Found:  C,  66.17,  H,  10.48;  N,  10.26. 
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3.  Discussion 


The  dienophile,  3-acetyl -2(3H)-oxazolone4,  is  an  attractive  intermediate 
for  the  synthesis  of  vicinal  aminoalcohols  with  cis  configurations.  It  reacts 
with  1,3-dienes,  even  under  quite  mild  conditions,  to  form  (4+2)  cyclo- 
adducts.^’^  Its  high  reactivity  with  deactivated  1,3-dienes  is  noteworthy. 
This  property  is  present  also  in  2(3H)-oxazol one4  which  can  be  obtained  easily 
through  solvolysis  of  3-acetyl -2( 3H)-oxazol one  in  methanol.  3-Acetyl -2(3H)- 
oxazolone,  on  UV  irradiation  in  the  presence  of  a  sensitizer,  combines  easily 
with  olefins  to  form  (2+2)  cycloadducts,7  the  hydrolysis  of  which  leads  to  the 
class  of  cis-2-aminocyclobutanols. 
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Appendix 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 


2-Ami  noethanol :  Ethanol,  2-amino-  (8,9);  (141-43-5) 

Diethyl  carbonate:  Carbonic  acid,  diethyl  ester  (8,9);  (105-58-8) 

2- 0xazol idinone  (8,9);  (497-25-6) 

3- Acetyl-2-oxazolidinone:  2-0xazol  idinone,  3-acetyl-  (8,9);  (1432-43-5) 
3-Acetyl -5-chl oro-2-oxazol i di none:  2-0xazol  i di none,  3-acetyl -5-chl oro- 
(9);  (60759-48-0) 

3- Acetyl-2(3H)-oxazolone:  2(3H)-0xazolone,  3-acetyl-  (9);  (60759-49-1) 
2,3-Dimethylbutadiene:  1,3-Butadiene,  2,3-dimethyl-  (8,9);  (513-81-5) 
Hydroquinone  (8);  1 ,4-Benzenediol  (9);  (123-31-9) 

4-  Acetyl  -7 ,8- dimethyl -2-oxa-4-azabicyclo[4.3 .0]non-7-en-3-one: 

2(  3H)-Benzoxazol one ,  3- acetyl -3a, 4 ,7 ,7a-tetrahydro-5 ,6- dimethyl  - 
(9);  (65948-43-8) 

6-Ami  no-3 ,4-dimethyl -cis-3-cycl ohexen-l-ol :  3-Cyclohexen-l-ol , 
6-amino-3, 4-dimethyl-,  cis-  (9);  (65948-45-0) 
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THIATION  WITH  2,4-BIS(4-METH0XYPHENYL)-l,3,2,4-DITHIADIPH0SPHETANE 
2,4-DISULFIDE:  M-METHYLTHIOPYRROLIDONE 
(2-Pyrrol idinetht one,  1-methyl-) 


Submitted  by  I.  Thomsen,  K.  Clausen,  S.  Scheibye,  and  S.-O.  Lawesson1. 
Checked  by  Clayton  H.  Heathcock,  Mark  Sanner  and  Terry  Rosen. 

1.  Procedure 


Caution!  Preparation  of  2,4-bis(4-methoxyphenyl)-l,3,2,4-dithiadiphos- 
phetane  2,4— disulfide  must  be  carried  out  in  an  efficient  hood  because 
hydrogen  sulfide  is  evolved. 

A.  2, 4-Bis ( 4-methoxyphenyl ) -1 , 3, 2,  4-dithiadiphosphetane  2,  4-disulfide 

(1).  A  dry  1-L,  three-necked,  round-bottomed  flask,  fitted  with  a  reflux 
condenser,  mechanical  stirrer,  and  ground-glass  stopper,  is  charged  with  111.0 
g  (0.25  mol)  of  phosphorus  sulfide,  P4S10  (Note  1)  and  270  g  (2.5  mol)  of 
am’ sole  (Note  1).  Stirring  is  commenced  and  the  mixture  is  heated  at  reflux 
temperature  by  use  of  a  heating  mantle.  After  1  hr,  the  solution  is 
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homogeneous  and  after  a  second  hour  2,4-bi s (4-methoxyphenyl )-l ,3,2,4- 
dithiadiphosphetane  2,4-disulfide  (1)  begins  to  precipitate.  The  reaction 
mixture  is  allowed  to  cool  to  room  temperature  and  the  precipitate  is  filtered 
(Note  2)  and  washed  with  anhydrous  ether  (2  x  50  mL)  and  50  mL  of  anhydrous 
chloroform  (free  of  alcohols)  to  yield  160-165  g  (79-82%)  of  pale  yellow 
crystals,  mp  228°C  (Notes  3  and  4). 

B.  N-Methylthiopyrrolidone  (2).  A  200-mL,  three -necked ,  round -bottomed 
flask  is  fitted  with  a  rubber  septum,  thermometer,  magnetic  stirring  bar,  and 
reflux  condenser  equipped  with  a  nitrogen  bubbler.  The  flask  is  charged  with 
19.8  g  (19.3  mL,  0.20  mol)  of  N-methyl pyrrol  1  done  (Note  5)  and  40.4  g  (0.10 
mol)  of  1,  whereupon  the  temperature  of  the  reaction  mixture  increases  to  75- 
80°C.  After  5  min,  35  mL  of  benzene  (Note  6)  is  added  by  syringe  and  the 
mixture  is  stirred  while  being  brought  to  reflux  (Note  7).  The  mixture  is 
heated  at  reflux  for  2  hr  (Note  8)  and  then  cooled  to  room  temperature, 
whereupon  it  again  becomes  heterogeneous.  The  benzene  is  removed  with  the  aid 
of  a  rotary  evaporator  and  the  resulting  yellow  slurry  is  distilled  under 
reduced  pressure  through  a  5-cm  Vigreux  column  to  provide  23.0  g  (100%)  of  N- 
methylthiopyrrol idone  (2)  as  a  yellow  liquid,  bp  94-97°C/0.03  mm  (Note  9). 

2.  Notes 

1.  Commercial  phosphorus  sulfide,  P^S^q,  is  used  without  purification. 
Checkers  used  P4S10  from  Matheson,  Coleman  and  Bell  and  from  Alfa  Products, 
Morton/Thiokol ,  Inc.  Best  results  (yield,  melting  point)  were  obtained  with 
the  Alfa  sample,  mp  291-295°C. 

2.  Excess  anisole  (137  g)  can  be  recovered  by  distillation  of  the 
filtrate. 
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3.  The  product  is  somewhat  hygroscopic  and  should  be  stored  in  an  air¬ 
tight  container.  It  is  also  available  as  Lawesson's  reagent  from  Aldrich, 
Fluka,  and  from  Merck-Schuchard. 

4.  The  checkers  obtained  176  g  (87%)  of  1,  mp  228-231°C. 

5.  Commercial  material  from  the  Aldrich  Chemical  Company  was  stored  over 

o 

4A  molecular  sieves. 

6.  Benzene  was  distilled  from  and  stored  over  sodium  wire. 

7.  During  this  operation  most  of  the  yellow  solid  gradually  dissolves, 
affording  a  clear  yellow  solution  with  small  amounts  of  suspended  solid.  When 
reflux  begins,  the  internal  temperature  of  the  reaction  mixture  is  95°C. 

8.  The  reaction  time  can  be  decreased  to  3  min  by  the  use  of  toluene  as 
solvent. 

9.  The  purified  product  freezes  when  stored  in  a  refrigerator.  The 

spectral  properties  are  as  follows:  NMR  ( CDC1 3 )  6:  2.07  (quintet,  2  H,  J 

=  7),  3.03  (t,  2  H,  J  =  7),  3.29  (s,  3  H) ,  3.77  (t,  2  H,  J  =  7).  IR  (neat): 
1520  cm-1. 


3.  Discussion 

A  variety  of  thiating  reagents  are  known:  H2S,2  H2S/HC1  ,3  H2S2/HC1 ,4 
(Et2Al)2S,5  ( EtAl S) n ,6  SiS2,7  B2S3,7  PCl5/Al2S3/Na2S04,8  Na2S/H2S04,9  P2S510 
P2s5/pyridine,11  P2S5/NEt3,12  P2S5/NaHC03,13  RPS(0R1)2,14  PSClx(NMe2)3_x  (X  = 
0-3), 15  and  SCNCOOEt.16  The  reagent  described  here,  2,4-bis(4-methoxyphenyl )- 
1 ,3,2,4-dithiadiphosphetane  2,4-disulfide  ( 1 ) 17  offers  a  number  of  advantages 
as  a  thiating  reagent.  It  is  easily  prepared  in  a  simple  one-step  procedure 
employing  commercially  available  starting  materials.  It  has  a  satisfactory 
shelf  life,  provided  that  it  is  protected  from  moisture.  In  contrast  to 
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commercial  P4S10>  compound  1  is  a  well-defined  reagent  which  gives 
reproducible  results,  usually  in  high  yield.  Under  defined  conditions, 
certain  selectivity  has  been  observed.  18-20  Q-t(-,er  methods  for  the  preparation 
of  analogs  of  1  have  been  described .21-23 

The  thiation  procedure  described  here^  is  an  example  of  a  general 
synthetic  method  for  the  conversion  of  carbonyl  to  thiocarbonyl  groups. 
Similar  transformations  have  been  carried  out  with  ketones, ^  carbox¬ 
amides,  26-30  esters,  31-32  thioesters,^  1  actones,*®’^  thiol  actones,^ 
imides,^  enaminones and  protected  peptides. ^ 
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Appendix 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 


2.4- Bis (4-methoxy phenyl )-l  ,3,2,4-dithi adiphosphetane  2,4-di sul fide:  Phos- 
phonotrithioic  acid,  (p-methoxyphenyl )-bimol  cyclic  anhydrosul fi de  (8); 

1.3.2.4- Dithiaphosphetane,  2,4-bis(4-methoxyphenyl )-  2,4-disulfide  (9); 
19172-47-5 

N-Methylthiopyrrolidone:  1-Methyl -2  (3H)-pyrrolethione,  dihydro-  (8); 

2-Pyrrolidinethione,  1-methyl-  (9);  10441-57-3 

N-Methyl pyrrol i done :  2-Pyrrol i di none ,  1-methyl-  (8,9);  872-50-4 

Anisole  (8);  Benzene,  methoxy-  (9)-  ;  100-66-3 

Phosphorus  sulfide  (8,9);  12066-62-5 
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REDUCTION  OF  QUINONES  WITH  HYDRIODIC  ACID:  BENZ[ a] ANTHRACENE 


0 


H  I ,  P 

HO  Ac 


OOo 


Submitted  by  Maria  Konieczny  and  Ronald  G.  Harvey1. 

Checked  by  Gregory  A.  Reed  and  Carl  R.  Johnson. 

1.  Procedure 

Caution!  Benz [a] anthracene  and  benzene  are  known  carcinogens.  All 

appropriate  precautions  should  be  taken  in  handling  these  substances . 

A  500-mL,  one-necked,  round-bottomed  flask  is  equipped  with  a  magnetic 
stirring  bar  and  an  efficient  condenser,  and  charged  with  10.3  g  (0.04  mol)  of 
benz[a]anthracene-7 ,12-dione  (Note  1),  5  g  (0.16  mol)  of  red  phosphorus  (Note 
2)  and  100  mL  of  glacial  acetic  acid.  The  stirred  suspension  is  heated  to 
reflux,  and  60  mL  of  56%  hydriodic  acid  (approx.  0.44  mol)  (Note  3)  is  intro¬ 
duced  through  the  condenser.  The  suspension  is  heated  at  reflux  for  24  hr. 
The  hot  reaction  mixture  is  poured  into  500  mL  of  distilled  water  containing 
~  30  g  of  sodium  bisulfite.  The  suspension  is  stirred  for  16  hr  and  filtered. 
The  dry  filter  cake  is  transferred  to  a  beaker  and  treated  with  sufficient  hot 
dichloromethane  (~  120  mL)  to  dissolve  all  of  the  benz[a]anthracene,  and  the 
mixture  is  filtered  once  again  to  remove  the  residual  phosphorus.  The  volume 
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of  the  filtrate  is  reduced  to  40  mL.  The  solution  is  adsorbed  on  basic 
alumina,  activity  I  (Note  4).  A  chromatography  column  (2-cm  x  40-cm)  is 
slurry-packed  with  ca.  10  g  of  basic  alumina  and  the  benz[a]anthracene 
adsorbed  on  alumina  is  added  to  the  top  of  the  column.  Elution  with  5% 
benzene  in  hexane  (occasional  rinsing  of  the  column  tip  with  benzene  to  remove 
crystallized  product  may  be  necessary)  and  evaporation  of  the  solvent  in  a 
rotary  evaporator  affords  7. 7-7. 9  g  (84-87%)  of  pure,  white  benz[a]anthracene, 
mp  159.5-160°C  (Note  5). 

2 .  Notes 

1.  Benz[a]anthracene-7,12-dione,  available  from  Eastman  Organic  Chem¬ 
icals,  was  used  without  further  purification. 

2.  Phosphorus,  which  serves  to  scavenge  the  ^  produced,  can  be  omit¬ 
ted.  However,  the  product  tends  to  retain  traces  of  a  yellow  impurity  which 
is  difficult  to  remove. 

3.  The  hydriodic  acid  employed  was  a  56%  aqueous  solution  preserved  with 
~  0.8%  hypophosphorous  acid  obtained  from  Fisher  Scientific  Co.  Once  a  bottle 
is  opened,  the  contents  tend  to  deteriorate,  becoming  dark-colored  in  less 
than  2  days.  However,  shelf  life  can  be  extended  indefinitely  if  the  con¬ 
tainer  is  purged  with  dry  nitrogen  before  resealing. 

4.  Alumina  sufficient  to  adsorb  the  complete  solution  is  added,  then  the 
solvent  is  removed  under  vacuum.  While  benz[a]anthracene,  mp  157-158°C, 
sufficiently  pure  for  most  purposes,  can  be  obtained  by  crystallization  of  the 
crude  product  from  ethanol -water ,  "filtration"  through  alumina  removes 
residual,  colored  impurities,  affording  a  pure,  white  product. 
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5.  Pure  benz[a]anthracene  has  been  reported  to  melt  at  158-159°, 2  160°, 3 
and  167°C.^  The  submitters  report  a  mp  of  164-164. 5°C.  The  submitters  con¬ 
ducted  this  preparation  on  a  scale  five  times  larger  and  reported  yields  up  to 
95%. 


3.  Discussion 

The  synthetic  procedure  described  is  based  on  that  reported  earlier  for 
the  synthesis  on  a  smaller  scale  of  anthracene,  benz[a]anthracene,  chrysene, 
dibenz[a,c]anthracene,  and  phenanthrene3  in  excellent  yields  from  the 
corresponding  quinones.3  Although  reduction  of  quinones  with  HI  and  phos¬ 
phorus  was  described  in  the  older  literature,  relatively  drastic  conditions 
were  employed  and  mixtures  of  polyhydrogenated  derivatives  were  the  principal 
products. ^  The  relatively  milder  experimental  procedure  employed  herein 
appears  generally  applicable  to  the  reduction  of  both  ortho-  and  para-qui nones 
directly  to  the  fully  aromatic  polycyclic  arenes.  The  method  is  apparently 
inapplicable  to  quinones  having  an  olefinic  bond,  such  as  o-naphthoquinone, 
since  an  analogous  reaction  of  the  latter  provides  a  product  of  undetermined 
structure  (unpublished  result).  As  shown  previously,3  phenols  and  hydro- 
qui nones,  implicated  as  intermediates  in  the  reduction  of  quinones  by  HI,  can 
also  be  smoothly  deoxygenated  to  fully  aromatic  polycyclic  arenes  under  con¬ 
ditions  similar  to  those  described  herein. 

Although  previous  experience  indicates  that  phosphorus  is  not  essential 
for  these  reductions,3'3  purification  of  the  product  is  more  difficult  with 
its  omission.  With  hydrocarbons  sensitive  to  further  reduction,  phosphorus 
can  have  a  deleterious  effect  through  promotion  of  hydrogenation  of  the 
desired  product.  Whether  or  not  phosphorus  should  be  employed  in  an  indi- 


167 


vidua!  case  will  be  dictated  by  experience  with  the  particular  compound  and  by 
the  degree  of  purity  required. 

While  the  reduction  of  polycyclic  qui nones  to  phenols,  hydroqui nones , 

dihydrodiols,  dihydro  arenes  and  arenes  by  a  variety  of  reagents  has  been 

described,  no  entirely  satisfactory  general  method  is  currently  available  for 

reduction  directly  to  the  fully  aromatic  arenes.  Reagents  previously  employed 

12 

for  this  purpose  include  LiAlH^,9,10  NaBH^11  NaBH^BFg,  lla»  ^  diborane, 
aluminum  and  cycl ohexanol , ^  zinc  dust  distillation,14  and  diphenylsilane.1^ 
These  methods  commonly  furnish  lower  yields  and  are  less  general  than  the 
present  procedure. 
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Appendix 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number): 

(Registry  Number) 

Benz[a]anthracene  (8,9);  (56-55-3) 

Benz[a]anthracene-7 ,12-dione  (8,9);  (2498-66-0) 

Phosphorus  (8,9);  (7723-14-0) 

Hydriodic  acid  (8,9);  (10034-85-2) 
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ACYLOIN  CONDENSATION  BY  THIAZOLIUM  ION  CATALYSIS:  BUTYROIN 
(4-0ctanone,  5-hydroxy-) 


Submitted  by  H.  Stetter  and  H.  Kuhlmann1-. 

Checked  by  Sharbil  J.  Firsan  and  Robert  M.  Coates. 

1 .  Procedure 

A  500-mL,  three-necked,  round-bottomed  flask  is  equipped  with  a 
mechanical  stirrer,  a  short  gas  inlet  tube,  and  an  efficient  reflux  condenser 
fitted  with  a  potassium  hydroxide  drying  tube.  The  flask  is  charged  with  13.4 
g  (0.05  mol)  of  3-benzyl-5-(2-hydroxyethyl )-4-methyl-l ,3-thiazol ium  chloride 
(Note  1),  72.1  g  (1.0  mol)  of  butyral dehyde  (Note  2),  30.3  g  (0.3  mol)  of 
triethylamine  (Note  2),  and  300  mL  of  absolute  ethanol.  A  slow  stream  of 
nitrogen  (Note  3)  is  begun,  and  the  mixture  is  stirred  and  heated  in  an  oil 
bath  at  80°C.  After  1.5  hr  the  reaction  mixture  is  cooled  to  room  temperature 
and  concentrated  by  rotary  evaporation.  The  residual  yellow  liquid  is  poured 
into  500  mL  of  water  contained  in  a  separatory  funnel,  and  the  flask  is  rinsed 
with  150  mL  of  dichloromethane  which  is  then  used  to  extract  the  aqueous 
mixture.  The  aqueous  layer  is  extracted  with  a  second  150-mL  portion  of 
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dichl oromethane .  The  combined  organic  phases  are  washed  with  300  ml.  of 
saturated  sodium  bicarbonate  and  with  300  mL  of  water.  The  dichl oromethane  is 
removed  by  rotary  evaporation  under  slightly  diminished  pressure.  Distil¬ 
lation  through  a  20-cm  Vigreux  column  gives  51-54  g  (71-74%)  of  product  as  a 
colorless  to  light  yellow  liquid,  n^°  1.4309,  bp  90-92°C  (13-14  mn)  (Notes  4 
and  5) . 


2 .  Notes 

1.  The  catalyst,  3-benzyl -5-( 2-hydroxyethyl )-4-methyl -1 ,3-thiazol ium 
chloride,  is  supplied  by  Fluka  AG,  Buchs,  Switzerland,  and  by  Tridom  Chemical, 
Inc.,  Hauppauge,  New  York.  The  thiazolium  salt  may  also  be  prepared  as 
described  below^  by  benzylation  of  5- (2-hydroxyethyl )-4-methyl-l ,3-thiazole 
which  is  commercially  available  from  E.  Merck,  Darmstadt,  West  Germany,  and 
Columbia  Organic  Chemicals  Co.,  Inc.,  Columbia,  SC.  The  acetonitrile  used  by 

°  Q 

the  checkers  was  dried  over  Linde  3A  molecular  sieves0  and  distilled  under 
nitrogen,  bp  77-78°C.  The  same  yield  of  thiazolium  salt  was  obtained  by  the 
checkers  when  benzyl  chloride  and  acetonitrile  from  commercial  sources  were 
used  without  purification. 

A  250-mL,  three-necked,  round-bottomed  flask  is  equipped  with  a 
mechanical  stirrer,  a  reflux  condenser  fitted  with  a  drying  tube,  and  a 
stopper.  The  flask  is  charged  with  14.3  g  (0.1  mol)  of  5- ( 2-hydroxyethyl ) -4- 
methyl -1 ,3-thiazole,  12.7  g  (0.1  mol)  of  freshly  distilled  benzyl  chloride, 
and  50  mL  of  dry  acetonitrile.  The  mixture  is  heated  at  reflux  for  24  hr  and 
cooled  to  room  temperature.  Crystallization  is  induced  by  scratching  or 
seeding.  The  solid  is  collected  by  suction  filtration,  washed  colorless  with 
two  50-mL  portions  of  acetonitrile,  and  dried  partially  in  the  air.  Drying  is 
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completed  under  reduced  pressure  by  gentle  rotation  on  a  rotary  evaporator 

\ 

heated  with  a  water  bath  at  about  90°C.  The  yield  of  thiazolium  salt,  mp  141- 
143°C,  is  18.2-19.6  g  (67-73%). 

2.  Butyraldehyde  is  supplied  by  Aldrich  Chemical  Co.,  Inc.,  and  Eastman 
Organic  Chemicals.  The  aldehyde  was  freshly  distilled  before  use.  Triethyl - 
amine  was  dried  over  potassium  hydroxide  pellets  and  distilled. 

3.  The  submitters  recommend  that  the  nitrogen  stream  be  passed  through  a 
bubbler  and  that  the  flow  rate  be  adjusted  to  ca .  one  bubble  per  second.  If 
the  nitrogen  flow  is  too  fast,  some  of  the  butyraldehyde  will  be  swept  out  of 
the  flask. 

4.  The  procedure  may  be  conducted  on  a  larger  scale  in  which  case  the 
proportion  of  catalyst  and  base  are  reduced.  The  submitters  report  that  they 
obtained  169  g  (78%)  of  butyroin  from  216.3  g  (3.0  mol)  of  butyraldehyde,  26.8 
(0.1  mol)  of  thiazolium  catalyst,  60.6  g  (0.6  mol)  of  tri  ethyl  ami  ne,  and  600 
mL  of  absolute  ethanol.  Although  the  scale  may  be  increased  further,  appro¬ 
priate  precautions  should  be  taken  to  control  the  reaction.  For  example,  the 
aldehyde  may  be  added  in  portions  or  the  flask  may  be  cooled  initially. 

5.  The  product  obtained  by  the  checkers  boiled  at  86-87. 5°C  (15-16 
mm).  A  boiling  point  of  85-87°C  (12-13  mm)  and  an  index  of  refraction  n^ 
1.4325  have  been  recorded  for  butyroin.4  The  product  exhibits  the  following 
spectral  characteristics:  IR  (neat)  cm'1:  3505  and  1704;  XH  NMR  (CC1 4)  6: 
3.98  (m,  1  H,  CH0H) ,  3.31  (s,  1  H,  OH),  2.41  (t,  2  H,  J  =  7,  CH2C=0),  1.64 
(sextet,  2  H,  J  =  7,  CH2CH2C=0),  1.56-1.18  (m,  4  H,  2  CH2),  0.94  (unsym- 
metrical  t,  6  H,  2  CH^). 
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3.  Discussion 


This  procedure  is  representative  of  a  new  general  method  for  the 
preparation  of  noncyclic  acyl oi ns  by  thiazol ium-catalyzed  dimerization  of 
aldehydes  in  the  presence  of  weak  bases  (Table  I).5  The  advantages  of  this 
method  over  the  classical  reductive  coupling  of  esters5  or  the  modern 
variation  in  which  the  intermediate  enediolate  is  trapped  by  silylation,^ 
are  the  simplicity  of  the  procedure,  the  inexpensive  materials  used,  and  the 
purity  of  the  products  obtained.  For  volatile  aldehydes  such  as  acetaldehyde 
and  propional dehyde  the  reaction  is  conducted  without  solvent  in  a  small, 
heated  autoclave.  With  the  exception  of  furoin  the  preparation  of  benzoins 
from  aromatic  aldehydes  is  best  carried  out  with  a  different  thiazol  ium 
catalyst  bearing  an  N-methyl  or  N-ethyl  substituent,  instead  of  the  N-benzyl 
group. 5  Benzoins  have  usually  been  prepared  by  cyanide-catalyzed  condensation 
of  aromatic  and  heterocyclic  aldehydes. 9, 10  Asymmetrical  acyloins  may  be 
obtained  by  thi  azol  ium-catalyzed  cross-condensation  of  two  different 
al dehydes.il  The  thiazolium  ion-catalyzed  cyclization  of  1 ,5-dial dehydes  to 
cyclic  acyloins  has  been  reported.13 

Although  the  catalysis  of  the  dimerization  of  aldehydes  to  acyloins  by 
thiazolium  ion  has  been  known  for  some  time,13  the  development  of  procedures 
using  anhydrous  solvents  which  give  satisfactory  yields  of  acyloins  on  a 
preparative  scale  was  first  realized  in  the  submitters’  laboratories.5  The 
mechanism  proposed  by  Breslow13a  for  the  thiazolium  ion-catalyzed  reactions  is 
similar  to  the  Lapworth  mechanism14  for  the  benzoin  condensation  with  a 
thiazolium  ylide  replacing  the  cyanide  ion.  Similar  mechanisms  are  involved 
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in  many  important  enzyme-catalyzed  transformations  which  require  thiamine  as  a 
co-factor.  The  combination  of  thiazolium  salts  and  weak  bases  has  also  been 
utilized  to  catalyze  the  conjugate  addition  of  aldehydes  to  electron-deficient 
double  bonds.1 2 3 4 5 

Butyroin  has  been  prepared  by  reductive  condensation  of  ethyl  butyrate 
with  sodium  in  xylene, or  with  sodium  in  the  presence  of  chloro- 
trimethylsilane.7  and  by  reduction  of  4,5-octanedione  with  sodium  l-benzyl-3- 
carbamoyl -1 ,4-dihydropyridine-4-sul finate  in  the  presence  of  magnesium 
chloride15  or  with  thiophenol  in  the  presence  of  iron  polyphthal ocyani ne  as 
electron  transfer  agent.15  This  acyloin  has  also  been  obtained  by  oxidation 
of  (E)-4-octene  with  potassium  permanganate17  and  by  reaction  of 

1  Q 

propylmagnesium  bromide  with  nickel  tetracarbonyl . 

Acyl oi ns  are  useful  starting  materials  for  the  preparation  of  a  wide 
variety  of  heterocycles  (e.g.,  oxazoles1^  and  imidazoles21)  and  carbocyclic 
compounds  (e.g.,  phenols21).  Acyloins  lead  to  1,2-diols  by  reduction,  and  to 
1 ,2-di ketones  by  mild  oxidation. 
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TABLE  I 


ACYLOINS  PREPARED  BY  THIAZOLIUM  ION-CATALYZED 
CONDENSATION  OF  ALDEHYDES5 

0 

2  RCHO  --Cotolyst°  »■  RCCHR 

Et3N  | 

OH 


R 

Yiel d(%) 

Bp  or  mp  (°C) 

c4h9 

79 

83  (2.2  im ) 

C5Hh 

81 

90  (1.5  mm) 

C7h15 

83b 

39 

c9h  19 

85b 

53 

C11h23 

83b 

62 

fY-j 

80c»d 

136 

a3-BenzyI -5- ( 2-hydroxyethyl ) -4-methyl -1 ,3-thiazol ium  chloride.  bThe  product 
was  isolated  by  pouring  the  ethanol ic  solution  into  wel  1 -sti rred ,  ice-cold 
water,  filtering,  and  recrystallizing  from  aqueous  ethanol.  The  solutions 

should  be  ice-cold  for  the  isolation  of  the  low-melting  acyloins.  The 
products  may  also  be  isolated  by  extraction  as  described  for  butyroin. 
cIn  this  case  furoin  crystallized  from  the  ethanolic  solution  upon  cooling. 
dThe  following  somewhat  simpler  procedure  may  also  be  used.  A  solution  of 

13.4  g  (0.05  mol)  of  catalyst,  96.1  g  (1.0  mol)  of  2-fural dehyde,  300  mL  of 

absolute  ethanol,  and  30.3  g  (0.3  mol)  of  tri  ethyl  amine  is  stirred  at  room 

temperature  for  12  hr.  The  product  (84.5  g,  88%)  crystallizes  directly  from 
solution  and  is  isolated  by  filtration. 
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Appendix 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 


Benzyl  chloride:  Toluene,  a-chloro-  (8);  Benzene,  (chi oromethyl )-  (9); 
(100-44-7). 

Butyraldehyde  (8);  Butanal  (9);  (123-72-8) 

Butyroin:  4-0ctanone,  5-hydroxy-  (8,9);  (496-77-5) 

2- Fural dehyde  (8);  2-Furancarboxal dehyde  (9);  (98-01-1) 

5-( 2-Hydroxyethyl ) -4-methyl -1 ,3-thi azole:  5-Thi azol eethanol ,  4-methyl-  (8,9); 
(137-00-8) 

Tri ethyl  ami ne  (8);  Ethanamine,  N,N-diethyl-  (9);  (121-44-8) 

3- Benzyl -5-( 2-hydroxyethyl ) -4-methyl -1 , 3-th i azol i urn  chi ori de:  Thi azol ium, 
3-benzyl -5-( 2-hydroxyethyl )-4-methyl -,  chloride  (8);  Thiazolium, 

5-( 2-hydroxyethyl ) -4-methyl -3-(phenylmethyl )-,  chloride  (9);  (4568-71-2) 
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SYNTHESIS  OF  a,g-UNSATURATED  NITRILES  FROM  ACETONITRILE: 
PREPARATION  OF  CY CLOHEXYL IDENEACETON ITR ILE  AND  CINNAMONITRILE 
(Acetonitrile,  cyclohexylidene-  and  2-Propenenitrile,  3- phenyl ,  (E)-) 


Submitted  by  Stephen  A.  DiBiase,  James  R.  Beadle,  and  George  W.  Gokel1. 

Checked  by  Yumi  Nakagawa  and  Robert  V.  Stevens. 

1.  Procedure 

A.  Cyclohexylideneaceton-ttrile.  A  1-L  three-necked,  round-bottomed 
flask  equipped  with  a  reflux  condenser,  mechanical  stirrer  and  addition 
funnel,  is  charged  with  potassium  hydroxide  (85%  pellets,  33.0  g,  0.5  mol, 
Note  1)  and  acetonitrile  (250  mL,  Notes  2  and  3).  The  mixture  is  brought  to 
reflux  and  a  solution  of  cyclohexanone  (49  g,  0.5  mol,  Note  4)  in  acetonitrile 
(100  mL)  is  added  over  a  period  of  0. 5-1.0  hr.  Heating  at  reflux  is  continued 
for  2  hr  (Note  5)  after  the  addition  is  complete  and  the  hot  solution  is  then 
poured  onto  cracked  ice  (600  g).  The  resulting  binary  mixture  is  separated 
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and  the  aqueous  phase  is  extracted  with  ether  (3  x  200  mL).  The  combined 
organic  extracts  are  evaporated  under  reduced  pressure,  or  may  be  placed  in  a 
2-L  Erlenmeyer  flask  containing  several  boiling  chips  and  the  volume  reduced 
on  a  steam  bath  (internal  temperature  ca.  50°C).  The  resulting  sweet¬ 
smelling,  yellow  to  yellow-orange  oil  is  transferred  to  a  1-  or  2-L,  three¬ 
necked,  round-bottomed  flask  (depending  on  whether  internal  or  external  steam 
generation  is  used)  and  steam  distilled  (bp  81-99°C,  Note  6).  The  distillate 
is  extracted  with  three  to  five  200-mL  portions  of  ether  until  the  aqueous 
phase  is  clear  (Note  7).  The  ether  phase  is  washed  with  brine  (2  x  100  mL), 
dried  over  sodium  sulfate  and  evaporated  under  reduced  pressure  to  give  a  pale 
yellow  oil  (29-36  g,  48-60%)  which  consists  of  a  mixture  of  isomers  (a, 8  80- 
83%,  8,y  17-20%,  Note  8). 

Isolation  of  the  pure  cx,  8  isomer.  A  250-mL  Erlenmeyer  flask  equipped 
with  a  magnetic  stirring  bar  is  charged  with  the  isomeric  nitriles  (20  g, 
0.165  mol),  prepared  in  Part  A  above,  and  carbon  tetrachloride  (20  mL).  A 
solution  of  bromine  in  carbon  tetrachloride  (1/9,  v/v,  ca.  25-30  mL)  is  added 
dropwise  until  the  color  of  excess  bromine  persists.  The  reaction  vessel  is 
cooled  in  an  ice  bath  for  30  min,  filtered  by  gravity  and  the  solvent 
evaporated  under  reduced  pressure.  The  crude  oil  is  distilled  at  reduced 
pressure  (bp  40-42°C/0.15  mm)  to  give  a  colorless  liquid  (11-15  g,  55-75%) 
which  is  the  pure  a, 8-isomer  (Notes  9  and  10). 

B.  Preparation  of  E-  and  Z-Cinnamonitrile.  A  1-L,  three-necked,  round- 
bottomed  flask  equipped  with  a  mechanical  stirrer,  reflux  condenser,  and 
addition  funnel  is  charged  with  potassium  hydroxide  pellets  (33  g,  0.5  mol, 
Note  1)  and  acetonitrile  (400  mL,  Note  2).  The  mixture  is  brought  to  reflux 
under  nitrogen  and  a  solution  of  benzaldehyde  (53  g,  0.5  mol.  Note  4)  in 
acetonitrile  (100  mL)  is  added  in  a  stream  (1-2  min).  After  addition. 
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stirring  is  continued  for  10  min  (Note  5)  and  the  hot  solution  is  then  poured 
onto  500  g  of  cracked  ice  in  a  1-L  beaker.  After  being  cooled  for  a  few 
minutes,  the  two-phase  mixture  is  transferred  to  a  2-L,  three-necked  flask  and 
steam  distilled  (Note  11).  The  distillate  is  transferred  to  a  separatory 
funnel,  the  upper  aqueous  phase  is  separated  and  then  extracted  with  two  500- 
mL  portions  of  ether  (Note  7).  The  combined  organic  material  is  dried  briefly 
over  Na2S04  and  the  ether  evaporated  to  yield  pure  cinnamonitri le  (20-29  g, 
31-45%)  as  a  pale  yellow  oil  (E/Z  ratio  ca.  5.5,  Note  12). 

2 .  Notes 

1.  Potassium  hydroxide  (85%  pellets,  AR  grade)  should  be  as  fresh  as 
possible  (see  Note  5). 

2.  Acetonitrile  (99%)  was  obtained  from  Aldrich  Chemical  Company,  Inc. 
and  may  be  used  without  purification. 

3.  The  yield  of  product  is  dependent  on  concentration.  An  increase  in 
the  amount  of  acetonitrile  in  Part  A  to  ca.  1000  mL  increases  the  yield  of  the 
isomer  mixture  to  65-75%  without  affecting  isomer  distribution.  Further 
dilution  to  ca.  5000  mL  increases  the  yield  to  80-85%. 

4.  Cyclohexanone  and  benzaldehyde  were  purchased  from  either  Aldrich 
Chemical  Company,  Inc.,  or  Eastman  Organic  Chemicals  and  used  without  addi¬ 
tional  purification. 

5.  The  reaction  time  depends  on  the  quality  of  the  potassium  hydroxide 
employed.  An  induction  period  is  often  observed  when  older  potassium 
hydroxide  samples  are  used,  possibly  because  surface  formation  of  carbonates 
reduces  the  solubility  of  the  salt  in  acetonitrile.  An  attempt  was  made  to 
monitor  the  cinnamonitrile  reaction  by  GLC,  following  loss  of  starting 
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material.  Although  formation  of  the  product  was  observed  and  reached  a 
maximum,  the  starting  material  peak  never  completely  disappeared.  Prolonged 
reaction  times  (greater  than  2  hr)  resulted  in  failure  to  isolate  any  of  the 
desired  product.  Reaction  times  of  less  than  30  min  gave  the  expected 
yields.  Undissolved  potassium  hydroxide  was  observed  in  the  reaction  vessel 
when  these  reactions  were  terminated.  At  a  column  temperature  of  150°C  and  a 
gas  flow  rate  of  ca.  60  mL/min  (5- ft  x  0.25- in  column,  10%  SE-30  on  fire¬ 
brick),  the  retention  times  are  as  follows:  cyclohexyl ideneacetonitrile  and 
isomer,  2.8  min;  Z-cinnamonitrile,  3.0  min;  E-cinnamonitrile,  3.7  min).  The 
reaction  may  also  be  monitored  by  a  2 ,4-dini trophenyl hydrazone  spot  test. 

6.  Distillation  may  be  conducted  using  an  apparatus  designed  either  for 
internal  or  external  steam  generation.  The  first  1000-mL  portion  of  distil¬ 
late  contains  ca.  35  g  of  product.  An  additional  500  mL  of  distillate  yields 
less  than  1  g.  Vacuum  distillation  gave  product  in  22%  yield. 

7.  To  facilitate  phase  separation,  solid  sodium  chloride  was  added  to 
the  aqueous  layer. 

8.  The  product  thus  obtained  is  of  high  purity.  The  trace  of  color  may 
be  removed  by  distillation  at  reduced  pressure  (bp  50°C/0.5  mm). 

9.  Bromination  can  be  monitored  by  NMR  in  CC1 4 .  The  vinyl  protons 
are  observed  at  5.08  (a, 8 -isomer)  and  5.65  ppm. 

10.  The  NMR  spectra  (in  CC 1 4 )  for  the  two  isomers  are  as  follows: 
Cycl ohexyl i deneacetoni tri  1  e:  6  1.25-2.0  (m,  6  H),  2. 0-2. 8  (m,  4  H,  methylene 
protons),  5.08  (m,  1  H,  olefin);  2-(l-cyclohexenyl )acetonitrile:  1.25-2.0  (m, 
4  H),  2. 0-2.8  [m,  4  H,  - ( CH2 )4-l ,  3.05  (pseudo-s,  2  H,  -CH2CN),  5.65  (m,  1  H, 
olefin. 


182 


11.  Steam  distillation  may  be  conducted  using  apparatus  designed  either 
for  internal  or  external  steam  generation.  Using  internally-generated  steam, 
2.5  L  of  distillate  was  collected.  The  last  500  mL  contained  less  than  1  g  of 
product. 

12.  Isomer  distribution  and  purity  were  assessed  by  GC  (see  Note  5).  The 
NMR  spectra  (in  CCI4)  for  the  pure  isomers  are  as  follows:  E-isomer:  <5  5.71 

(d,  1  H,  J  =  17,  ArCH=CH-CN;  7.44  (d,  1  H,  J  =  17,  ArCH=CHCN )  ,  7.3  (pseudo-s, 

5  H,  aromatic  protons.  Z-isomer:  6  5.31  (d,  1  H,  J  =  12,  ArCH=CHCN) ,  6.98 
(d,  1  H,  J  =  12,  ArCH=CHCN),  7.3  (pseudo-s,  5  H,  aromatic  protons). 

3.  Discussion 

Introduction  of  the  two-carbon  fragment  is  a  cornerstone  of  synthetic 
methodology  and  many  of  the  condensation  reactions  frequently  used  have  been 
known  for  decades,  if  not  for  a  century.  Examples  include  the  malonic  ester^ 
and  acetoacetic  ester®  reactions,  the  Perkin^  condensation,  and  the  Doebner- 
Knoevenagel6  reaction.  Addition  of  the  cyanomethyl  group  has  been  accom¬ 
plished  by  a  variety  of  methods,6  mostly  circuitous,  and  is  certainly  not  in 
the  group  of  classical  reactions  named  above.  The  direct  approach  is  found  in 
a  recent  application  of  lithio  tri methyl  si lyl acetonitrile,®  but  the  difference 
in  expense  and  convenience  between  using  this  method  and  a  mixture  of  potas¬ 
sium  hydroxide  and  acetonitrile  is  manifest. 

The  direct  synthesis  of  a,g-unsaturated  nitriles  can  be  accomplished  by 
treating  the  appropriate  carbonyl  compound  with  potassium  hydroxide  in 
acetonitrile.®  In  order  for  direct  condensation  to  succeed,  acetonitrile  must 
be  deprotonated  by  the  relatively  weak  base  potassium  hydroxide  and  the 
carbanion  thus  formed  must  add  to  the  carbonyl.  The  cyanohydrin  is  presumably 
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dehydrated  to  leave  the  a,6-unsaturated  compound  which  may  or  may  not 

isomerize  in  the  medium.  We  have  run  this  reaction  with  a  large  number  of 
carbonyl  compounds®  and  have  found  that  it  is  most  successful  for  aromatic 
aldehydes  ( 36-86%)  and  other  nonenol izable  carbonyl  compounds  such  as 
benzophenone  (84%).  Yields  are  also  acceptable  for  most  cyclic  ketones  with 
six  or  more  carbons  in  the  ring  (e.g.,  2-methylcyclohexanone,  78%;  cis- 

octalone,  80%;  cycloheptanone,  78%;  cyclooctanone,  66%,  cyclododecanone,  45%), 
and  for  aliphatic  ketones  having  three  or  more  carbons  bonded  on  each  side 
(e.g.,  diethyl  ketone,  35%;  di-n-propyl  ketone,  65%,  di-n-butyl  ketone  65%). 
Ketones  which  are  sterically  hindered  (camphor)  or  highly  enolized 

(cyclopentanone)  are  not  useful  substrates  in  this  reaction. 

We  present  here  examples  of  this  condensation  with  an  aromatic  aldehyde 
and  a  cyclic  ketone.  Both  of  these  examples  are  useful  because,  although 
other  methods  are  available  for  their  preparation,  problems  often  attend  these 
syntheses.  In  the  synthesis  of  cyclohexyl ideneacetoni tril e ,  for  example,  the 
standard  method^  results  exclusively  in  the  g,y-isomer  and  none  of  the  a,g- 
isomer.  In  Part  A  of  this  procedure,  cyclohexanone  is  condensed  with 

acetonitrile  to  give  predominantly  the  conjugated  isomer  (80-83%)  which  is 
then  separated  from  the  nonconjugated  isomer  by  selective  bromi nation. 

The  procedures  presented  here  are  simple,  inexpensive,  and  may  be  used  on 
a  large  scale.  The  use  of  potassium  hydroxide  in  this  reaction  may,  however, 
prove  incompatible  with  certain  base-sensitive  functional  groups. 

1.  Department  of  Chemistry,  University  of  Maryland,  College  Park,  MD  20742. 

2.  House,  H.  0.  In  "Modern  Synthetic  Reactions",  2nd  ed.;  W.  A.  Benjamin: 

Menlo  Park,  1972;  pp.  510-518. 

3.  Claisen,  L.;  lowman,  0.  Ber.  1887,  20,  651. 
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4.  Perkin,  W.  H.  J.  Chem.  Soc.  1868,  21 ,  181. 

5.  Knoevenagel  ,  E.  Ber.  1898,  31,  2596;  Doebner,  0.  Ber.  1900,  33,  2140. 

6.  For  preparations  of  cinnamonitrile,  for  example,  see:  Ghosez,  J.  Bull. 
Soc.  Chem.  Belg.  1932,  41,  477  and  references  cited  therein;  Schiemenz, 
G.  P.;  Engelhard,  H.  Chem.  Bev.  1962,  95,  195;  Kruger,  C.  J.  Organometal. 
Chem.  1967,  9,  125;  Crouse,  D.  N.;  Seebach,  D.  Chem.  Bev.  1968,  101, 
3113;  Pattieson,  I.;  Wade,  K.;  Wyatt,  B.  K.  J.  Chem.  Soc.  (A)  1968,  837; 
Kametani,  T.;  Yamaki ,  K.;  Ogasawara,  K.  Yakugaku  Zaeshi  1969,  89,  154, 
(Chem.  Abetv.  1969,  70,  106342y);  Uchida,  A.;  Saito,  S.;  Matsuda,  S. 
Bull.  Chem.  Soc.  Jpn.  1969,  42,  2989;  Vishnyakova,  T.  P.;  Koridze,  A.  A. 
Zh.  Obshch.  Khim.  1969,  39,  210,  (Chem.  Abstr.  1969,  70,  96901 p ) ;  Uchida, 
A.;  Doyama,  A.;  Matsuda,  S.  Bull.  Chem.  Soc.  Jpn.  1970,  43,  963;  Louvar, 
J.  J.;  Sparks,  A.  K.  Ger.  Off.,  2  041  563  (Chem.  Abstr.  1971,  75, 
P 1 9989 z ) ;  Das,  R.;  Wilkie,  C.  A.  J.  Am.  Chem.  Soc.  1972,  94,  4555; 
Takahashi,  K.;  Sasaki,  K.;  Tanabe,  H.;  Yamada,  Y.;  Iida,  H.  J.  chem.  Soc. 
Jpn.,  Jpn.  Chem.  Ind.  Chem.  1973,  2347,  (Chem.  Abstr.  1974,  80,  70499v); 
Krause,  J.  G.;  Shaikh,  S.  Synthesis  1975,  502. 

7.  Matsuda,  I.;  Murata,  S.;  Ishii,  Y  J.  Chem.  Soc.,  Perkin  Trans.  1  1979, 
26.  See  also:  Tanaka,  K.;  Ono,  N.;  Kubo,  Y.;  Kaji,  A.  Synthesis  1979, 
890. 

8.  DiBiase,  S.  A.;  Lipisko,  B.  A.;  Haag,  A.;  Wolak,  R.  A.;  Gokel  ,  G.  W.  J . 
Org.  Chem.  1979,  44,  4640. 

9.  Cope,  A.  C.;  D'Addieco,  A.  A.;  Whayte,  D.  E.;  Glickman,  S.  A.  Org. 
Synth.,  Coll.  Vol.  IV,  1963,  234. 
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Appendix 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 


Cyclohexyl ideneacetonitrile:  A 1 >a-Cycl ohexaneacetonitrile  (8);  Acetonitrile, 
cyclohexylidene  (9);  (4435-18-1) 

Cinnamonitrile  (8);  2-Propeneni tril e ,  3-phenyl-,  (E)-  (9);  (1885-38-7) 
Cyclohexanone  (8,9);  (108-94-1) 

Acetonitrile  (8,9);  (75-05-8) 

Benzal dehyde  (8,9);  (100-52-7) 
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DIPHENYL  PHOSPHORAZIDATE 


(Phosphorazidic  acid,  diphenyl  ester) 

0  0 
(PhO)2  PCI  +  NqN3  - ^(PhO)2PN3 

Submitted  by  Takayuki  Shioiri1  and  Shun-ichi  Yamada2. 

Checked  by  Christina  Bodurow  and  M.  F.  Semmelhack. 

1 .  Procedure 

A  mixture  of  56.8  g  (0.21  mol)  of  diphenyl  phosphorochloridate  (Note  1), 
16.3  g  (0.25  mol)  of  sodium  azide,  and  300  mL  of  anhydrous  acetone  (Note  2)  in 
a  500-mL  round-bottomed  flask  fitted  with  a  calcium  chloride  tube  is  stirred 
at  20-25°C  for  21  hr.  The  lachrymatory  mixture  is  filtered  in  a  hood,  and  the 
filtrate  is  concentrated  under  reduced  pressure.  The  residue  is  distilled 
through  a  short  Vigreux  column  (Note  3).  The  yield  of  diphenyl  phos- 
phorazidate,  bp  134-136°C  (0.2  mm),  is  49-52  g  (84-89%)  (Note  4). 


2 .  Notes 

1.  Diphenyl  phosphorochloridate  (diphenyl  chlorophosphate) ,  from  Aldrich 
Chemical  Company,  Inc.,  was  used  after  purification  by  distillation  at  165- 
168°C  (5  mm). 

2.  Commercial  acetone  was  dried  over  anhydrous  potassium  carbonate  and 
distilled. 
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3. 


The  bath  temperature  should  be  kept  below  200°C  to  minimize 
decomposition  of  diphenyl  phosphorazidate. 

4.  Diphenyl  phosphorazidate  is  a  colorless  non-explosive  oil  that  can  be 

O 

kept  for  a  long  time  without  decomposition  if  it  is  protected  against  light 
and  moisture. 


3.  Discussion 

The  procedure  described  is  essentially  that  of  Shi oi ri  and  Yamada.^ 
Diphenyl  phosphorazidate  is  a  useful  and  versatile  reagent  in  organic 
synthesis.5’  It  has  been  used  for  racemization-free  peptide  syntheses >® *7 
thiol  ester  synthesis,®  a  modified  Curtius  reaction ,® 5 10  an  esterification 
of  a-substi tuted  carboxylic  acid,1 2 3!  f0rmation  of  diketopiperazines,1®  an  alkyl 
azide  synthesis,1®  phosphorylation  of  alcohols  and  amines,1^  and  polymeri¬ 
zation  of  amino  acids  and  peptides.1®  Furthermore,  diphenyl  phosphorazidate 
acts  as  a  nitrene  source®  and  as  a  1,3- dipole.1®* 17  An  example  in  the  ring 
contraction  of  cyclic  ketones  to  form  cycloalkanecarboxylic  acids  is  presented 
in  the  next  procedure,  this  volume. 

1.  Faculty  of  Pharmaceutical  Sciences,  Nagoya  City  University,  Nagoya  467, 
Japan. 

2.  Faculty  of  Pharmaceutical  Sciences,  Josai  University,  Saitama  350-02, 
Japan. 

3.  Breslow,  R.;  Feiring,  A.;  Herman,  F.  J.  Am.  Chem.  Soc.  1974,  96,  5937. 
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4. 


Shioiri,  T.;  Yamada,  S.  Chem.  Pharm.  Bull.  1974,  22,  849.  No  spectral 
and/or  analytical  data  appear  to  have  been  reported  for  diphenyl 
phosphorazidate.  The  checkers  recorded  the  following  spectral  data: 

NMR  ( CDC1 2 ) »  <5:  7. 0-7. 3  (br,  s,  CgH^-);  IR  (neat)  cm'^:  3060  (w,  C-H), 
2170  (s,  -N3),  1590  (m) ,  1490  (s,  arene  C=C),  1270  (m,  P=0) ,  960  (s,  P-0- 
aryl ) . 

5.  For  a  review,  see  (a)  Shioiri,  T.;  Yamada,  S.  Yuki  Gosei  Kagaku  Kyokai 
Shi  (J.  Synth.  Org.  Chem.  Japan)  1973,  31,  666;  Chem.  Abstr.  1974,  81, 
13781a;  (b)  Shioiri,  T.  Nagoya  Shiriteu  Daigaku  Yakugakubu  Kenkyu  Nempo 
(Ann.  Rept.  Pharm.  Nagoya  City  University)  1977,  25,  1. 

6.  Shioiri,  T.;  Ninomiya,  K.;  Yamada,  S.  J.  Am.  Chem.  Soe.  1972,  94,  6203. 

7.  Yamada,  S.;  Ikota,  N.;  Shioiri,  T.;  Tachibana,  S.  J.  Am.  Chem.  Soe.  1975, 
97,  7174. 


8. 

Yokoyama , 

Y.;  Shioiri,  T. 

;  Yamada, 

S. 

Chem.  Pharm.  Bull.  1977,  25, 

2423. 

9. 

Ni  nomiya , 

K.;  Shioiri,  T. 

;  Yamada, 

S. 

Tetrahedron  1974,  30,  2151. 

10. 

Ni  nomiya , 

K. ;  Shioi ri ,  T. 

;  Yamada, 

s. 

Chem.  Pharm.  Bull.  1974,  22, 

1398. 

11. 

Ninomiya, 

K. ;  Shi  oi  ri  ,  T. 

;  Yamada, 

s. 

Chem.  Pharm.  Bull.  1974,  22, 

1795. 

12. 

Yamada,  S 

. ;  Yokoyama,  Y.; 

Shi  oi  ri , 

T. 

Experientia  1976,  32,  398. 

13. 

Lai  ,  B. ; 

Pramanik,  B.  N. 

;  Manhas, 

M. 

S.;  Bose,  A.  K.  Tetrahedron 

Lett 

1977,  1977. 

14.  Cremlyn,  R.  J.  W.  Aust.  J.  Chem.  1973,  26,  1591. 

15.  Nishi,  N.;  Nakajima,  B.;  Hasebe,  N.;  Noguchi,  J.  Int.  J.  Biol.  Maoromol. 

1980,  2,  53. 

16.  Yamada,  S.;  Hamada,  Y. ;  Ninomiya,  K.;  Shioiri,  T.  Tetrahedron  Lett.  1976, 
4749;  see  following  procedure,  this  volume. 

17.  Shioiri,  T.;  Kawai ,  N.  J.  Org.  Chem.  1978,  43,  2936. 
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Appendi x 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 


Diphenyl  phosphorazidate:  Phosphorazi die  acid,  diphenyl  ester  (8,9); 
(26386-88-9) 

Diphenyl  phosphorochloridate;  Diphenyl  chlorophosphate:  Phosphorochloridic 
acid,  diphenyl  ester  (8,9);  (2524-64-3) 

Sodium  azide  (8,9);  (26628-22-8) 
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CYCLOUNDECANECARBOXYLIC  ACID 


Submitted  by  Yasumasa  Hamada  and  Takayuki  Shioirl*. 
Checked  by  M.  F.  Semmelhack  and  E.  Spiess. 


191 


1 .  Procedure 


To  a  300-mL,  round-bottomed  flask  fitted  with  a  water  separator,  (Note  1) 
which  contains  15  g  of  Linde  4A  molecular  sieve  1/16-inch  pellets  and  is 

filled  with  toluene,  are  added  7.3  g  (0.04  mol)  of  cycl ododecanone,  11.4  g 

(0.16  mol)  of  pyrrolidine,  100  mL  of  toluene,  and  0.57  g  (0.004  mol)  of  boron 
tri fluoride  etherate.  The  solution  is  heated  under  reflux  for  20  hr.  The 
water  separator  is  replaced  by  a  distillation  head,  and  about  90  mL  of  the 

toluene  is  removed  by  distillation  at  atmospheric  pressure.  The  residue  con¬ 
taining  l-(N-pyrrol idino)-l-cyclododecene  (1)  is  used  in  the  next  step  without 
further  purification  (Note  2). 

The  crude  enamine  (1)  is  dissolved  in  20  mL  of  toluene,  and  the  solution 
is  transferred  (Note  3)  to  a  100-mL,  three-necked  flask  equipped  with  a 

magnetic  stirring  bar,  50-mL  dropping  funnel,  reflux  condenser  protected  with 
a  calcium  chloride  tube,  and  a  thermometer  immersed  in  the  solution.  A 
solution  of  13.2  g  (0.048  mol)  of  diphenyl  phosphorazidate  (Note  4;  WARNING) 
in  20  mL  of  toluene  is  added  with  stirring  during  30  min  while  the  reaction 
temperature  is  maintained  at  about  25°C.  The  mixture  is  stirred  for  4  hr  at 
25°C  and  heated  at  reflux  for  1  hr.  The  mixture  is  transferred  to  a  300-mL, 
round-bottomed  flask  and  most  of  the  toluene  is  removed  under  reduced  pressure 
to  yield  23.7  g  of  a  reddish-brown  oil,  2  (Note  5). 

Ethylene  glycol  (200  mL)  and  40  g  (0.71  mol)  of  potassium  hydroxide  are 
added  to  the  residual  oil.  The  mixture  is  heated  at  reflux  for  24  hr,  and 
then  concentrated  at  80-115°C  (25  mm)  (bath  temperature  is  about  190°C)  until 
100  mL  of  the  distillate  is  collected.  The  residue  is  dissolved  in  300  mL  of 
water,  and  cooled  to  room  temperature.  Carbon  dioxide  is  introduced  as  a  gas 
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until  the  pH  of  the  solution  reaches  9.  The  mixture  is  washed  with  three  80- 
mL  portions  of  diethyl  ether  (Note  6).  The  aqueous  layer  is  acidified  with 
about  53  mL  of  concentrated  hydrochloric  acid,  and  extracted  with  four  80-mL 
portions  of  benzene.  The  combined  benzene  extracts  are  washed  with  50  mL  of 
water  and  dried  over  anhydrous  sodium  sulfate.  The  solvent  is  removed  under 
reduced  pressure  to  give  4. 5-5. 5  g  of  a  black-brown  oil.  Distillation  of  the 
oil  at  110-115°C  (0.1  mm)  yields  3. 5-3. 8  g  (40-48%)  of  cycloundecanecarboxylic 
acid  as  a  colorless  oil. 


2.  Notes 

1.  The  apparatus  described  in  Organic  Synthese is  satisfactory. 

2.  Pure  l-(N-pyrrol idino)-l-cyclododecene,  bp  144°C  (1.5  mm),  may  be 
isolated  by  distillation  through  a  Vigreux  column. 

3.  The  original  flask  used  for  the  enamine  formation  can  be  used  after 
the  attachment  of  a  Y-shape  tube  fitted  with  a  dropping  funnel  and  a  reflux 
condenser  protected  with  a  tube  packed  with  a  drying  agent  such  as  anhydrous 
calcium  chloride. 

4.  Diphenyl  phosphorazi date  is  prepared  by  the  action  of  sodium  azide 
with  diphenyl  phosphorochloridate  (preceding  procedure,  this  volume).-^  It  is 
also  available  from  Aldrich  Chemical  Co.  and  was  used  after  purification  by 
distillation  at  134-136°C  (0.2  mm).  WARNING :  Diphenyl  phosphorazi date  may 
produce  explosive  hydrogen  azide  when  it  is  in  contact  with  moisture  for  a 
long  time.  When  diphenyl  phosphorazidate,  which  has  been  stored  for  a  long 
timej  is  used,  it  should  be  washed  with  saturated  aqueous  sodium  bicarbonate 
and  dried  over  sodium  sulfate  before  distillation. 
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5.  Purification  of  1  g  of  the  crude  oil  was  made  by  column  chroma¬ 
tography  using  50  g  of  Merck  silica  gel  with  0.063-0. 200-mm  particles  (catalog 
No.  7734)  in  a  column  2.2-  x  40-cm  and  1:1  (V/V)  ethyl  acetate-hexane  as 
eluant  to  give  pure  diphenyl  (cycl oundecyl -l-pyrrolidinylmethylene)phos- 
phoramidate  (2)  as  a  colorless  oil,  632  mg  (78%).  When  a  Merck  precoated 
silica  gel  F254  thin  layer  plate,  layer  thickness  0.25  mm,  is  developed  with 
1:1  (V/V)  ethyl  acetate-hexane  and  visualized  with  ultraviolet  light,  the 
phosphoramidate  appears  at  Rf  0.3.  Thus  the  crude  oil  contained  about  15  g  of 
the  phosphoramidate. 

6.  This  procedure  is  designed  primarily  to  remove  phenol. 

3.  Discussion 

Cycl oundecanecarboxyl ic  acid  has  been  prepared  by  the  bromi nation  of 
cyclododecanone  followed  by  the  Favorskii  rearrangement  of  2-bromocycl o- 
dodecanone.^ 

The  present  preparation  illustrates  a  general  and  convenient  method  for 
ring  contraction  of  cyclic  ketones.5  The  first  step  is  the  usual  procedure 
for  the  preparation  of  enamines.  The  second  step  involves  1,3-dipolar  cyclo¬ 
addition  of  diphenyl  phosphorazidate  to  an  enamine  followed  by  ring  contrac¬ 
tion  with  evolution  of  nitrogen.  Ethyl  acetate  and  tetrahydrofuran  can  be 
used  as  a  solvent  in  place  of  toluene.  Pyrrolidine  enamines  from  various 
cyclic  ketones  smoothly  undergo  the  reaction  under  similar  reaction  condi¬ 
tions.  Diphenyl  (cycloalkyl -l-pyrrolidinylmethylene)phosphoramidates  with 
5,6,7,  and  15  members  in  the  ring  have  been  prepared  in  yields  of  68-76%. 

The  third  step  is  hydrolysis  of  the  N-phosphoryl ated  ami  dines  which  is 
carried  out  by  either  acid  or  alkali  depending  on  the  substrate. 
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Similar  reaction  sequences  can  be  used  successfully  to  convert  alkyl  aryl 
ketones  to  a-aryl al kanoic  acids. ® 

1.  Faculty  of  Pharmaceutical  Sciences,  Nagoya  City  University,  Nagoya  467, 
Japan . 

2.  Natelson,  S.;  Gottfried,  S.  Org.  Synth.,  Coll.  Vol.  3,  1955,  381. 

3.  Shioiri,  T.;  Yamada,  S.  Chem.  Pharm.  Bull.  1974,  22,  849. 
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Appendi x 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 

Diphenyl  phosphorazi date :  Phosphorazi die  acid,  diphenyl  ester  (8,9); 
(26386-88-9) 

Cycloundecanecarboxyli c  acid  (8,9);  (4373-07-3) 

Cyclododecanone  (8,9);  (830-13-7) 

Pyrrolidine  (8,9);  (123-75-1) 

Boron  trifluoride  etherate:  Ethyl  ether,  compd.  with  boron  fluoride  (BF3) 
(1:1)  (8);  Ethane,  l,l‘-oxybis-,  compd.  with  trifluoroborane  (1:1)  (9); 
(109-63-7) 
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In  Situ  CYANOSILYLATION  OF  CARBONYL  COMPOUNDS: 
0-TRIMETHYLSILYL-4-METH0XYMANDEL0NITRILE 
(Benzeneacetonitri le,  4-methoxy-a -[(trimethyl si lyl )oxy]-) 


MeO 


CHO 


Me3SiCI 

KCN 

Zn (CN) g 


MeO 


OSiMe 


CN 


3 


Submitted  by  J.  K.  Rasmussen  and  S.  M.  Heilmann^. 

Checked  by  M.  F.  Semmelhack  and  Raj  N.  Misra. 

1.  Procedure 

Caution!  Potassium  cyanide  is  highly  toxic.  Cave  should  he  taken  to 
avoid  direct  contact  of  the  chemical  or  its  solutions  with  the  skin ,  and 
impervious  gloves  should  be  worn  to  handle  the  reagent. 

In  a  1-L,  three-necked,  round -bottomed  flask  equipped  with  a  mechanical 
stirrer,  a  reflux  condenser  fitted  with  a  nitrogen-inlet  tube,  and  a  rubber 
septum  (Note  1)  are  placed  97.5  g  (1.5  mol)  of  finely  ground  potassium  cyanide 
(Note  2),  81.4  g  (0.75  mol,  95.2  mL)  of  chi  orotri  methyl  si  1  ane  (Note  3),  68  g 
(0.5  mol)  of  p-ani sal dehyde  (Note  4),  100  mL  of  dry  acetonitrile  (Note  5)  and 
0.5  g  (4.25  mmol)  of  zinc  cyanide  (Note  6).  The  reaction  mixture  is  blanketed 
with  dry  nitrogen  (Note  7),  stirring  is  begun,  and  the  temperature  is  raised 
(heating  mantle)  to  maintain  gentle  reflux.  Heating  is  continued  under  these 
conditions  for  30  hr  (Note  8),  with  the  occasional  removal  of  small  samples  by 


syringe  for  monitoring  by  6LC  (Note  9).  Upon  completion  of  the  reaction,  the 
mixture  is  cooled  to  ambient  temperature  and  filtered.  The  filter  cake  is 
washed  twice  with  50  mL  of  dry  acetonitrile  and  the  combined  filtrates  are 
concentrated  on  a  rotary  evaporator.  The  residue  is  distilled  at  reduced 
pressure  (Note  10).  The  yield  of  the  colorless  liquid  (Note  10),  which  boils 
at  93-98°C  (0.15  mm),  amounts  to  105-115  g  (90-98%  based  on  p-anisal dehyde) . 

2 .  Notes 

L.  All  glassware  was  oven-dried  overnight  at  130°C,  assembled  hot,  and 
allowed  to  cool  under  a  flow  of  dry  nitrogen. 

2.  Reagent  grade  potassium  cyanide  was  purchased  from  Matheson,  Coleman 
and  Bell,  and  dried  at  115°C  (0.5  mu)  for  24  hr.  The  checkers  found  it 
necessary  to  use  newly  purchased  potassium  cyanide.  The  use  of  potassium 
cyanide  which  was  several  years  old  gave  incomplete  reaction  even  at  extended 
reaction  times.  The  large  excess  of  potassium  cyanide  is  used  simply  to 
obtain  convenient  reaction  times.  For  comparison,  use  of  1.5  equiv  of  KCN 
gave  38%  conversion  under  conditions  where  3  equiv  produced  100%  conversion. 

3.  Chlorotrimethylsilane  was  supplied  by  Petrarch  Systems,  Inc.,  and 
used  without  further  purification. 

4.  p-Ani sal dehyde,  95%,  (4-methoxybenzal dehyde)  was  used  as  supplied  by 
Aldrich  Chemical  Co. 

5.  Acetonitrile,  99%,  supplied  by  Aldrich  Chemical  Co.,  was  dried  over 

o 

Linde  type  4A  molecular  sieves  for  12  hr  and  decanted. 

6.  Technical  grade  zinc  cyanide  was  used  as  supplied  by  Matheson, 
Coleman  and  Bell.  Other  Lewis  acids,  notably  aluminum  chloride,  zinc  bromide, 
and  zinc  iodide  may  be  used  as  catalysts  for  the  reaction. 
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7.  To  "blanket  with  nitrogen,"  the  checkers  simply  prepared  the  reaction 

\ 

mixture  with  the  flask  open,  introduced  a  flow  of  nitrogen  over  the  surface 
for  a  few  minutes,  and  then  closed  the  system  with  an  exit  through  a  mercury 
bubbler  to  maintain  a  positive  pressure. 

8.  The  reaction  time  required  depends  on  the  catalyst.  Zinc  iodide, 

zinc  cyanide,  and  zinc  bromide  produce  essentially  complete  conversion  under 
these  conditions  in  approximately  16.5,  28  and  30  hr,  respectively,  probably 
reflecting  solubility  differences.  When  zinc  iodide  is  used,  the  distilled 
product  is  often  colored  because  of  the  formation  of  small  amounts  of  iodine. 

9.  This  may  be  done  using  a  simple  boiling  point  column.  We  have 

employed  either  10%  UCW-98  on  Chromosorb  W  or  SP-2100  on  80/100  Supelcoport 
G2642.  The  checkers  did  not  monitor  the  reaction  except  to  extract  a  small 
sample  after  30  hr  in  order  to  verify  the  absence  of  starting  aldehyde  by 
NMR  spectroscopy. 

10.  Distillation  should  be  below  100°C.  In  some  instances,  at  distil¬ 

lation  temperatures  in  excess  of  100°C,  reversion  to  the  starting  aldehyde  and 
tri  methyl  si lyl  cyanide  has  been  observed.  The  pure  compound  shows  the  follow¬ 
ing  spectral  data:  lH  NMR  (CC1 4) :  6  0.28  (s,  9  H),  3.86  (s,  3  H),  5.35  (s,  1 

H),  6.83  (d,  J  =  9,  2  H),  7.35  (d,  J  =  9  ,  2  H);  IR  (film)  cm"1:  2965,  1614, 

1512,  1258,  1180,  1089,  878,  850.  The  purity  of  the  crude  product  is  gener¬ 
ally  such  that  a  distillation  forecut  need  not  be  taken. 

3.  Discussion 

Cyanosi lyl ati ons  have  generally  been  accomplished  by  addition  of  a  tri- 
alkylsilyl  cyanide  to  the  corresponding  aldehyde  or  ketone.2-5  Although  this 
method  is  strai ghtforward  and  proceeds  in  good  to  excellent  yield,  use  of  pre- 
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formed  trialkylsilyl  cyanides  has  a  number  of  disadvantages,  particularly  when 
one  considers  larger  scale  preparations.  Trialkylsilyl  cyanides  can  be 
prepared6  by  treatment  of  the  corresponding  silyl  chlorides  either  with  silver 
cyanide  or  with  lithium  cyanide  generated  in  situ  by  reaction  of  lithium 
hydride  with  hydrogen  cyanide.  The  former  procedure  involves  the  use  of  stoi¬ 
chiometric  quantities  of  a  rather  expensive  reagent,  while  the  latter  involves 
handling  fairly  large  quantities  of  hydrogen  cyanide  gas.  In  addition,  both 
procedures  require  relatively  long  reaction  times,  distillation  of  the  silyl 
cyanide,  and  produce  only  moderate  to  good  yields.  More  recently,  improved 
syntheses  of  trimethyl silyl  cyanide  have  appeared.^5®  Commercially  available 
trimethyl silyl  cyanide  is  also  rather  expensive. 

Silylated  cyanohydrins  have  also  been  prepared  via  silylation  of  cyano¬ 
hydrins  themselves^  and  by  the  addition  of  hydrogen  cyanide  to  silyl  enol 
ethers. I6  Silylated  cyanohydrins  have  proved  to  be  quite  useful  in  a  variety 
of  synthetic  transformations,  including  the  regiospeci fic  protection  of  p- 
qui nones,  ^  as  intermediates  in  an  efficient  synthesis  of  ot-ami  nomethyl 
alcohols,6  and  for  the  preparation  of  ketone  cyanohydrins  themselves.^  The 
silylated  cyanohydrins  of  heteroaromatic  aldehydes  have  found  extensive  use  as 
acyl  anion  equivalents,  providing  general  syntheses  of  ketones^  and 
acyloins.^ 

The  in  situ  cyanosilylation  of  p-ani sal dehyde  is  only  one  example  of  the 
reaction  which  can  be  applied  to  aldehydes  and  ketones  in  general. The 
simplicity  of  this  one-pot  procedure  coupled  with  the  use  of  inexpensive 
reagents  are  important  advantages  over  previous  methods.  The  silylated  cyano¬ 
hydrins  shown  in  the  Table  were  prepared  under  conditions  similar  to  those 
described  here.  Enolizable  ketones  and  aldehydes  have  a  tendency  to  produce 
silyl  enol  ethers  as  by-products  in  addition  to  the  desired  cyanohydrins.  The 
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problem  can  be  overcome  by  using  a  modified  procedure  in  which  dimethyl  - 
formamide  is  employed  as  solvent.^ 


TABLE 

In  Situ  CYANOSILYLATION  OF  CARBONYL  COMPOUNDS 


OSi (CH3)3 


R^C-R2 3 4 5 6 7 

! 

CN 

Distilled  Yield 

(«) 

Bp.  (°C) 

(pressure,  mm) 

R1=C6H5.  R2=H 

95-98 

93-95  (1.75) 

r1=4_CH3C6H4,  R2=H 

91 

87  (0.45) 

R1=2-C1C6H4,  R2=H 

99 

92-93  (0  45) 

r1=4_C1C6H4,  R2=H 

93 

100  (0.45) 

r1”c6hS-  r2*CH3 

93 

73-75  (0.9) 

R^R^fCH^g 

89 

96  (15) 

r1=g-c6h11,  r2=h 

87 
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Appendi x 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 

0-Tri methyl silyl -4-methoxymandel onitrile:  Benzeneacetoni tril e,  4-methoxy-a- 
[( trimethyl silyl )oxy]-  (10);  (66985-48-6) 

Potassium  cyanide  (8,9);  (151-50-8) 

Chi orotri methyl  silane:  Silane,  chlorotrimethyl-  (8,9);  (75-77-4) 
p-Ani sal dehyde  (8);  Benzal dehyde,  4-methoxy-  (9);  (123-11-5) 

Zinc  cyanide  (8,9);  (557-21-1) 

Trimethyl silyl  cyanide:  Silanecarbonitrile,  trimethyl-  (8,9);  (7677-24-9) 
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ct-ALLENIC  ESTERS  FROM  cc-PHOSPHORANYLIDENE  ESTERS 
AND  ACID  CHLORIDES:  ETHYL  2,3-PENTADIENOATE 
(2,3-Pentadienoic  acid,  ethyl  ester) 


nr 


H 

Cl  / 

+  Ph3P  =  C 

0  \ 


Et3N 


C02Et 


Me 

\ 

-  c  =  c  =  c 

/  > 


H 


C02Et 


Submitted  by  Robert  W.  Lang^a  and  Hans-Jurgen  Hansen^*3, 
Checked  by  William  F.  Burgoyne  and  Robert  M.  Coates. 


1.  Procedure 

A  1-L,  three-necked,  round-bottomed  flask  is  equipped  with  a  nitrogen 
inlet,  a  250-mL,  pressure-equalizing  dropping  funnel  fitted  with  a  gas  outlet, 
and  a  Teflon-coated  magnetic  stirring  bar.  The  flask  is  charged  with  300  mL 
of  dichloromethane  (Note  1)  and  34.8  g  (0.10  mol)  of  ethyl  (triphenylphos- 
phoranyl i dene) acetate  (Note  2)  and  flushed  with  nitrogen.  The  yellow  solution 
is  stirred  at  25°C  as  a  solution  of  10.1  g  (0.10  mol)  of  triethylamine  (Note 
3)  in  100  mL  of  dichloromethane  is  added  dropwise  over  5  min.  After  10  min, 
9.25  g  (0.10  mol)  of  propionyl  chloride  (Note  4)  in  100  mL  of  dichloromethane 
is  added  dropwise  to  the  vigorously  stirred  solution  over  15  min  (Note  5). 
Stirring  is  continued  for  an  additional  0.5  hr  (Note  6)  after  which  the  clear, 
yellow-tinted  mixture  is  evaporated  on  a  rotary  evaporator  at  reduced  pressure 
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using  a  water  bath  maintained  at  25°C  (Note  7).  A  500-mL  portion  of  pentane 

(Note  8)  is  added  to  the  semi-solid  residue,  and  the  slurry  is  allowed  to 

stand  for  2  hr  while  it  is  shaken  periodically  to  facilitate  solidification 

and  to  complete  the  extraction  of  the  product.  The  precipitate  is  removed  by 

filtration  through  a  coarse,  sintered-gl ass  Buchner  funnel,  and  the  filter 
cake  is  washed  with  a  50-mL  portion  of  pentane.  The  filtrates  are  combined 
and  concentrated  at  reduced  pressure  to  approximately  one-fourth  of  the 
original  volume  using  a  water  bath  maintained  at  25°C.  The  mixture  is 
filtered  again  to  remove  tri phenyl  phosphine  oxide,  and  the  remaining  solvent 
is  then,  evaporated.  Rapid  distillation  of  the  residual  liquid  in  a  short-path 
distillation  apparatus  under  reduced  pressure  (Note  9)  affords  a  small  forerun 
amounting  to  0.5  mL  or  less  and  7. 8-8.1  g  (62-64%)  of  ethyl  2,3-pentadienoate, 
bp  57-59°C  (12-14  mm)  (Notes  10  and  11). 

2 .  Notes 

1.  Di chi orome thane  was  purified  by  percolation  through  Woelm  activity 
grade  1  basic  alumina  and  stored  under  nitrogen. 

2.  Ethyl  (triphenylphosphoranylidene)acetate  is  available  from  FI  uka  AG 
and  Tridom  Chemical  Inc.  under  the  name  (ethoxycarbonylmethylene)triphenyl- 
phosphorane  and  from  Aldrich  Chemical  Company,  Inc.  under  the  name 
(carbethoxymethylene)tri phenyl phosphorane.  The  reagent  may  be  prepared  from 
tri phenyl  phosphine  and  ethyl  bromoacetate  by  the  following  procedure.2 

A  1-L ,  two-necked,  round-bottomed  flask  fitted  with  a  dropping  funnel  and 
a  mechanical  stirrer  is  charged  with  131.0  g  (0.5  mol)  of  tri phenyl  phosphine 
(FI uka  AG,  purum)  and  250  mL  of  benzene  (Merck,  pro  analysi).  The  solution  is 
stirred  vigorously  while  83.5  g  (0.5  mol)  of  ethyl  bromoacetate  ( FI uka  AG, 
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practical  grade)  is  added  dropwise  at  a  rate  that  maintains  the  reaction 
mixture  at,  or  slightly  above,  room  temperature.  After  a  total  of  2  hr  the 
reaction  is  complete  and  the  colorless  phosphonium  salt  is  filtered.  The  salt 
is  washed  with  300  mL  of  cold  benzene  and  200  mL  of  pentane  and  then  dissolved 
in  3  L  qf  water  at  room  temperature.  Some  further  organic  impurities  are 
removed  by  extraction  with  ether  after  which  2  drops  of  2%  alcoholic 
phenol phthalein  are  added.  The  aqueous  solution  is  stirred  vigorously  and 
cooled  in  an  ice  bath  as  2  M  aqueous  sodium  hydroxide  is  added  slowly  until 
the  pi nk  -endpoint  is  reached  (pH  8-10).  The  crystalline  phosphorane  is 

collected  by  filtration,  washed  thoroughly  with  cold  water,  and  dried,  first 
with  a  rotary  evaporator  under  reduced  pressure  at  60°C  and  then  overnight  in 
a  drying  oven  at  180  mm  and  70°C.  The  white  to  cream-colored  crop  of  ethyl 
(triphenylphosphoranylidene)acetate,  mp  124-126°C,  weighs  150-156  g  (86-90%) 
and  may  be  used  for  the  preparation  of  a-allenic  esters  without  further 
purification. 

3.  Triethylamine  was  supplied  by  Fluka  AG  and  Aldrich  Chemical  Company, 

Inc. 

4.  Propionyl  chloride  was  purchased  from  Fluka  AG  and  Aldrich  Chemical 
Company,  Inc.  and  was  freshly  distilled  at  78-80°C  (760  mm)  prior  to  use. 

5.  The  checkers  maintained  the  temperature  of  the  reaction  mixture  at 

ca.  25°C  by  cooling  with  a  water  bath  during  the  addition  of  propionyl 

chloride. 

6.  The  progress  of  the  reaction  may  be  followed  by  analytical  thin- layer 
chromatography  on  alumina.  The  submitters  used  polygram  pre-coated  plastic 
sheets  (Alox  N/UV254)  Purchased  from  Macherey-Nagel  ,  Inc.  The  plates  were 
developed  with  1:1  hexane-ether  and  stained  with  basic  permanganate.  The  Rf 
of  the  product  is  0.56. 
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7.  For  the  isolation  of  relatively  volatile  a-allenic  esters  such  as 
ethyl  2 ,3-pentadienoate,  the  submitters  recommend  that  the  rotary  evaporation 
be  carried  out  with  cooling  in  an  ice  bath.  When  this  precaution  was  taken, 
the  submitters  obtained  8. 5-9. 5  g  (67-75%)  of  product  after  distillation. 

8.  The  checkers  dried  the  pentane  over  sodium  wire  prior  to  use. 

9.  The  checkers  stirred  the  distilling  liquid  rapidly  with  a  magnetic 
stirrer  and  maintained  a  bath  temperature  of  75-85°C  throughout  the 
distillation. 

10.  Ethyl  2 ,3-pentadienoate  has  the  following  spectral  properties:  IR 
(thin  film)  cm-1:  1965,  1720,  1410,  1250,  1025,  865,  790;  lH  NMR  (CC14)  <5: 
1.26  (t,  3  H,  J  =  7,  0CH2CH3),  1.78  (m,  3  H,  CH3),  4.11  (q,  2  H,  J  =  7, 
0CH2CH3),  5.28-5.68  (m,  2  H,  at  C-2  and  C-4). 

11.  On  0.01-mol  scale  the  yield  of  ethyl  2 ,3-pentadienoate  is  0.79-0.93  g 
(64-74%).  The  product  was  purified  by  bulb-to-bulb  distillation  with  a 
Kugelrohr  apparatus  at  12-14  nm  with  an  oven  temperature  at  75-85°C. 

3.  Discussion 

The  acylation  of  Wittig  reagents  provides  the  most  convenient  means  for 
the  preparation  of  allenes  substituted  with  various  electron-withdrawing 
substituents.-^  The  preparation  of  a-allenic  esters  has  been  accomplished  by 
the  reaction  of  resonance-stabilized  phosphoranes  with  isolable  ketenes^  and 
ketene  itself^  and  with  acid  chlorides  in  the  presence  of  a  second  equivalent 
of  the  phosphorane.^  The  disadvantages  of  the  first  method  are  the  necessity 
of  preparing  the  ketene  and  the  fact  that  the  highly  reactive  mono-substituted 
ketenes  evidently  cannot  be  used.  The  second  method  fails  when  the  a-carbon 
of  the  phosphorane  is  unsubsti tuted. ^ 
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The  present  procedure  affords  a  general  method  for  preparing  a-allenic 

\ 

esters  (Table  I)  which  avoids  the  limitations  of  the  previous  methods.^ 
Thus,  a-allenic  esters  unsubstituted  at  C-2  are  now  available  in  generally 
satisfactory  yields.  Ethyl  2,3-pentadienoate,  the  title  compound,  had  not 
been  prepared  prior  to  the  development  of  this  procedure  by  the  submitters. 
The  mild  conditions,  ( i .  e . ,  room  temperature  for  relatively  short  times), 
avoid  the  base-catalyzed  isomerization  of  the  conjugated  allenes  to 

1  o 

acetylenes.  The  corresponding  phosphonium  salts  may  also  be  used  directly 
in  the  reaction  provided  two  equivalents  of  tri ethyl  amine  are  employed, 
obviating  the  lengthy  process  for  drying  the  phosphorane Diehl oromethane 
and  acetonitrile  have  been  used  as  solvents  for  the  reaction.^  The  a-allenic 
esters  are  usually  obtained  in  analytically  pure  form  after  bulb-to-bulb 
distillation.  They  may  also  be  purified  by  column  chromatography  on  alumina 
with  9:1  hexane-ether  as  eluant.^ 
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TABLE  I 


PREPARATION  OF  a-ALLENIC  ESTERS  BY  THE  WITTIG-REACTION12 
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aThe  reaction  times  varied  from  10  min  to  18  hr.  A  =  the  corresponding  phosphonium, 
salt  was  used  with  the  addition  of  two  moles  of  triethylamine.  B=the  corresponding 
phosphorane  was  used  with  the  addition  of  one  mole  of  triethylamine. 


The  submitters  have  shown  that  these  reactions  proceed  by  dehydro- 
chlorination  of  the  acid  chloride  to  the  ketene,  which  is  then  trapped  by 
reaction  with  the  phosphorane.  The  resulting  betaine  decomposes  to  the 
allenic  ester  via  an  oxaphosphetane.  In  contrast,  the  reaction  of  acid 
chlorides  with  2  equivalents  of  phosphoranes  involves  initial  acylation  of  the 

C 

phosphorane  followed  by  proton  elimination  from  the  phosphonium  salt. 
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Appendi x 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 

(Carbethoxymethyl ene) tri phenyl phosphorane,  (Ethoxycarbonylmethylene) tri¬ 
phenyl  phosphorane  :  Acetic  acid,  (triphenylphosphoranylidene)-,  ethyl  ester 
(8,9);  (1099-45-2) 

Tri ethyl  amine  (8);  Ethanamine,  N,N-diethyl-  (9);  (121-44-8) 

Propionyl  chloride  (8);  Propanoyl  chloride  (9);  (79-03-8) 
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THIETE  1,1-DIOXIDE  AMD  3-^HL0R0THIETE  1,1-DIOXIDE 
(2H-Thiete  1, 1-dioxide  and  2H-thiete,  3-chloro-  1,1-dioxide) 
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1 .  Procedure 


A.  Thietane  1,1-dioxide.  The  pH  of  a  solution  of  tungstic  acid  ( WO3 * 
H2O)  (1.1  g,  0.044  mol)  (Note  1)  in  280  mL  of  distilled  water  is  adjusted  to 
11.5  by  addition  of  10%  aqueous  sodium  hydroxide;  the  white  suspension  of  the 
tungstate  catalyst  is  added  to  a  1-L,  round-bottomed  flask  fitted  with  a 
mechanical  stirrer  and  a  pressure-equalizing  addition  funnel.  The  tungstic 
acid-water  mixture  is  cooled  to  0-10°C  by  means  of  an  ice-salt  bath;  glacial 
acetic  acid  (50  mL)  and  trimethylene  sulfide  (thietane)  (47.5  g,  0.641  mol,  d 
1.028)  (Note  2)  are  added.  The  chilled  mixture  is  stirred,  and  30%  hydrogen 
peroxide  (189  mL)  is  added  carefully  by  means  of  the  addition  funnel  over  a 
period  of  2  hr  (Note  3).  The  mixture  is  stirred  at  0-10°C  for  an  additional 
hour,  transferred  to  an  evaporating  dish  and  heated  to  near  dryness  on  a  steam 
bath.  The  resulting  solid  material  is  triturated  five  times  with  100-mL 
portions  of  hot  chloroform,  any  catalyst  being  removed  by  filtration.  The 
chloroform  solutions  are  combined,  dried  over  anhydrous  magnesium  sulfate  and 
the  solvent  removed  via  a  rotary  evaporator  to  give  a  white  solid  (60.3-63.7 
g,  0.57-0.60  mol,  88.7-93.7%),  mp  74-76°C  (lit2  mp  75.5-76°C). 

B.  z-chlorothietane  1,1-dioxide.  Thietane  1,1-dioxide  (14.0  g,  0.132 
mol)  is  placed  in  a  three-necked,  500-mL,  round-bottomed  flask  fitted  with  a 
magnetic  stirrer,  reflux  condenser  and  a  chlorine  bubbler.  ( Caution !  Since 
chlorine  is  poisonous,  the  reaction  involving  it  should  he  done  in  a  good 
hood.)  Carbon  tetrachloride  (300  mL)  is  added  to  the  flask  (Note  4)  and  the 
suspension  is  irradiated  by  a  250-watt  sunlamp  positioned  as  close  as  possible 
to  the  reaction  flask  without  touching  it  (Note  5)  while  chlorine  is  bubbled 
through  the  solution  for  15  min  at  a  moderate  rate  (Note  6).  A  copious  white 
precipitate  forms  and  irradiation  and  addition  of  chlorine  must  be  stopped  at 
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this  point  (or  10  min  after  the  first  appearance  of  a  precipitate)  to  avoid 
di chlorination.  The  reaction  mixture  is  cooled  to  room  temperature  and 
filtered  to  give  a  white,  fluffy  product  (5. 4-8.1  g,  30-44%)  which  is  crys¬ 
tallized  from  chloroform,  mp  136-137°C  (lit3  mp  136. 5-137. 5°C) . 

C.  Thiete  1,1-dioxide.  A  sample  of  3-chl orothietane  1,1-dioxide  (8.0  g, 
0.057  mol)  is  dissolved  in  dry  toluene  (300  mL)  (Note  7)  in  a  500-mL,  two¬ 
necked,  round-bottomed  flask  equipped  with  a  reflux  condenser,  magnetic 
stirrer,  heating  mantle  (or  silicone  oil  bath),  and  thermometer.  The  reaction 
is  heated  to  60°C  and  triethylamine  (28.7  g,  0.28  mol,  39.5  mL)  is  added 
through  the  condenser.  The  reaction  mixture  is  stirred  for  4  hr  and  triethyl¬ 
amine  hydrochloride  is  removed  by  filtration  and  washed  with  toluene  (100 
mL).  Toluene  is  removed  on  a  rotary  evaporator  and  the  residue  is  recrystal¬ 
lized  from  diethyl  ether-ethanol  (Note  8)  to  give  a  white  solid  (4. 5-4. 8  g, 
75-81%);  mp  49-50°C  (lit3  mp  52-54°C). 

D.  3, 3-Dichlorothietane  1,1-dioxide.  Thietane  1,1-dioxide  (5.0  g,  0.047 
mol)  is  placed  in  a  500-mL,  three-necked,  round-bottomed  flask  equipped  with  a 
reflux  condenser,  magnetic  stirrer,  and  chlorine  gas  bubbler.  Carbon  tetra¬ 
chloride  (350  mL)  is  added  and  the  solution  is  irradiated  with  a  250-watt 
sunlamp  (Note  5)  while  chlorine  is  bubbled  through  the  stirred  mixture  for  1 
hr  (Note  9).  Irradiation  and  chlorine  addition  are  stopped  and  the  reaction 
mixture  is  allowed  to  cool  to  room  temperature.  The  product  is  collected  by 
filtration  as  a  white  solid  (4.0-4 .4  g,  49-53%),  mp  156-158°C  (Note  10).  The 
product  can  be  used  without  further  purification  or  it  can  be  recrystallized 
from  chloroform. 

E.  3-Chlorothiete  1,1-dioxide.  A  solution  of  3,3-dichlorothietane  1,1- 
dioxide  (4.0  g,  0.023  mol)  in  toluene  (150  mL)  is  placed  in  a  250-mL,  round- 
bottomed,  two-necked  flask  equipped  with  a  heating  mantle  (or  silicone  oil 
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bath),  magnetic  stirrer,  reflux  condenser,  and  thermometer.  The  solution  is 
heated  to  60°C  and  triethyl  amine  (2.54  g,  0.025  mol,  3.5  mL)  is  added  dropwise 
through  the  condenser  over  a  10-mi n  period.  The  solution  is  stirred  for  2  hr 
at  60°C  and  cooled  to  room  temperature.  The  triethyl  amine  hydrochloride  is 
collected  by  filtration  and  washed  with  hot  toluene  (50  mL).  Removal  of 
toluene  on  a  rotary  evaporator  gives  a  white  solid  (2. 7-3.0  g,  84-93%)  which 
is  recrystallized  from  chloroform-hexane,  mp  118-120°  (Note  11). 

2 .  Notes 

1.  The  tungstic  acid  was  used  as  supplied  by  the  Eastman  Kodak  Company. 

2.  The  trimethylene  sulfide  was  used  as  supplied  by  the  Aldrich  Chemical 
Company. 

3.  The  addition  rate  of  the  hydrogen  peroxide  must  be  adjusted  so  that 
the  temperature  of  the  reaction  mixture  does  not  rise  above  10°C.  The  yield 
is  reduced  if  the  temperature  is  allowed  to  rise  above  that  point.  The  end 
point  of  the  reaction,  when  excess  peroxide  is  present,  can  be  determined  with 
potassium  iodide  -  starch  test  paper.  The  yield  also  is  reduced  if  more  than 
a  slight  excess  of  hydrogen  peroxide  is  used. 

4.  The  sul  fone  is  not  completely  dissolved  at  this  point.  The  pre¬ 
scribed  ratio  of  sulfone  to  carbon  tetrachloride  (0.0467  g  mL)  is  important. 
If  it  is  less  ( i .  e . ,  more  carbon  tetrachloride  relative  to  sulfone),  consider¬ 
able  3,3-dichlorothietane  1,1-dioxide  will  be  formed. 

5.  Any  commercial  sunlamp  is  satisfactory  and  should  be  used  with  eye 
protection.  Carbon  tetrachloride  boils  gently  because  of  the  heat  from  the 
lamp. 
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6.  The  submitters  suggested  adding  the  chlorine  at  such  a  rate  that  a 
constant  yellow  color  is  maintained  in  the  solution  or  suspension.  The 
checkers  found  that,  depending  on  the  rate  of  chlorine  introduction,  it  took 
from  10  to  35  min  for  the  appearance  of  the  white  precipitate.  In  each  run, 
the  monochlorinated  product  was  contaminated  with  a  small  amount  (5-10%  by  NMR 
integration)  of  either  starting  material  or  dichl ori nated  product.  The 
checkers  found  that  the  optimum  yield  of  monochlorinated  product  was  obtained 
when  the  chlorine  was  bubbled  into  the  solution  through  a  1/4"  glass  tube  at  a 
rate  estimated  to  be  between  5-15  bubbles  per  sec.  The  suspended  sulfone 
dissolves  as  the  reaction  proceeds. 

O 

7.  Toluene  was  dried  over  4A  molecular  sieves.  Benzene  may  be  used 

al  so. 

8.  The  product  is  heated  in  about  25-30  mL  of  diethyl  ether,  and  ethanol 
is  added  dropwise  until  a  solution  is  obtained.  The  checkers  found  that  the 
thiete  could  also  be  crystallized  by  gently  heating  the  crude  material  in 
diethyl  ether  ("100  mL)  until  it  dissolves,  followed  by  cooling  to  -15°C. 

9.  If  the  reaction  time  is  less  than  1  hr,  a  mixture  of  monochloro-  and 
di chi orosul fone  is  obtained. 

10.  The  spectral  properties  of  the  product  are  as  follows:  IR  (KBr  disc) 

cm-1:  2950  (m),  1370  (m,  S02),  1310  (m),  1210  (m),  1140  (m,  S02),  970  (m), 

940  (m),  820  (w);  lH  NMR  (chloroform-d)  6:  5.0  (s,  4  H,  CH2S02CH2).  Anal. 

Cal cd.  for  C3H4C1202S:  C,  20.70;  H,  2.30.  Found:  C,  20.81;  H,  2.39. 

11.  The  spectral  properties  of  the  product  are  as  follows:  IR  (KBr  disc) 
cm"1:  1540  (m,  >C=C<),  1400  (w),  1300  (s,  S02),  1210  (s),  1140  (s,  S02),  1020 
(m),  770  (m);  ^  NMR  (chloroform-d)  <5:  6.8  (s,  1  H,  CH=C),  4.6  (s,  2  H,  CH2- 
S02).  Anal.  Calcd.  for  C3H3C102S:  C,  26.00;  H,  2.17.  Found:  C,  25.78;  H, 
2.02. 
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3.  Discussion 


This  preparation  of  thiete  1,1-dioxide  is  more  direct  and  less  tedious 
than  previous  methods. 3.4,5 

Oxidation  of  trimethylene  sulfide  catalyzed  by  tungstic  acid^  is  pre¬ 
ferred  to  the  uncatalyzed  reaction:  Yields  are  better  and  the  reaction  time 
is  shortened  by  elimination  of  an  induction  period. 

Selective  chlorination  of  the  3-position  of  thietane  1,1-dioxide  may  be  a 
consequence  of  hydrogen  atom  abstraction  by  a  chlorine  atom.  Such  reactions 
of  chlorine  atoms  are  believed  to  be  influenced  by  polar  effects,  preferential 
hydrogen  abstraction  occurring  remotely  from  an  electron  withdrawing  group.7 
The  free  radical  chain  reaction  may  be  propagated  by  attack  of  the  3-thietanyl 
1,1-dioxide  radical  on  molecular  chlorine. 

Conversion  of  3-chl orothietane  1,1-dioxide  to  the  3-(N,N-dimethylamino) 
derivative  followed  by  reduction,  quaternization,  and  Hofmann  elimination 
affords  a  convenient  route  to  the  highly  reactive  thiete  ( thiacycl obutene) ,8 

The  following  compounds  have  been  obtained  from  thiete  1,1-dioxide: 
Substituted  cycl oheptatrienes,9  benzyl  a-tol uenethiosul finate,18  pyrazoles,11 
naphthothiete  1, 1-dioxides,1^  and  3-substi tuted  thietane  1, 1-dioxides. 18  It 
is  a  dienophile  in  Diels-Alder  reactions9 >12,14  and  undergoes  cycloadditions 
with  enamines,  dienamines,  and  ynamines.18  Thiete  1,1-dioxide  is  a  source  of 
the  novel  intermediate,  vinyl sulfene  (CH2=CHCH=S0;?) ,  which  undergoes  cyclo- 

1  f 

additions  to  strained  olefinic  double  bonds,  reacts  with  phenol  to  give 
allyl  sulfonate  derivatives17  or  cyclizes  unimolecularly  to  give  an  unsat¬ 
urated  sultene.17  Platinum18  and  iron19  complexes  of  thiete  1,1- dioxide  have 
been  reported. 


215 


3-Chl orothiete  1,1-dioxide  is  a  potentially  useful  intermediate  for  the 
preparation  of  other  3-substituted  thiete  1,1-dioxides  via  addition- 
elimination  reactions. 
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Appendix 

Chemical  Abstracts  Nomenclature  (Collective  Index  Number); 

(Registry  Number) 

Thiete  1,1-dioxide:  2H-Thiete  1,1-dioxide  (9);  (7285-32-7) 

Thietane  1,1-dioxide  (9);  (5687-92-3) 

Tungstic  acid  (8,9);  (7783-03-1) 

Trimethylene  sulfide  (8);  Thietane  (9);  (287-27-4) 

3-Chlorothietane  1,1-dioxide:  Thietane,  3-chloro-  1,1-dioxide  (8,9); 
(15953-83-0) 
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through  September  1,  1983.  An  asterisk  (*)  indicates  that 
the  procedure  has  been  subsequently  checked. 


In  accordance  with  a  policy  adopted  by  the  Board  of  Editors,  beginning 
with  Volume  50  and  further  modified  subsequently,  procedures  received  by  the 
Secretary  and  subsequently  accepted  for  checking  will  be  made  available  upon 
request  to  the  Secretary,  if  the  request  is  accompanied  by  a  stamped,  self- 
addressed  envelope.  (Most  manuscripts  require  54<f  postage). 

Address  requests  to: 

Professor  Jeremiah  P.  Freeman 
Organic  Syntheses,  Inc. 

Department  of  Chemistry 
University  of  Notre  Dame 
Notre  Dame,  Indiana  46556 

It  should  be  emphasized  that  the  procedures  which  are  being  made 
available  are  unedited  and  have  been  reproduced  just  as  they  were  first 
received  from  the  submitters.  There  is  no  assurance  that  the  procedures 
listed  here  will  ultimately  check  in  the  form  available,  and  some  of  them  may 
be  rejected  for  publication  in  Organic  Syntheses  during  or  after  the  checking 
process.  For  this  reason.  Organic  Syntheses  can  provide  no  assurance 
whatsoever  that  the  procedures  will  work  as  described  and  offers  no  comment  as 
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2230  Tri fl uoroacetyl  Inflate 

S.  L.  Taylor,  T.  R.  Forbus,  Jr.  and  J.  C.  Martin,  Box  43,  Roger 
Adams  Laboratory,  University  of  Illinois  at  Urbana-Champaign, 

Urbana,  IL  61801 

2234*  Yeast  Reduction  of  Ethyl  Acetoacetate:  (SM  +  )-Ethyl  3- 
Hydroxybutanoate 

D.  Seebach,  M.  A.  Sutter,  R.  H.  Weber,  and  M.  F.  Zcrger,  Laboratorium 
fur  Organische  Chemie,  Eidgenussi sche  Technische  Hochschule, 

Universi tartstr  16,  CH-8006,  Zurich,  Switzerland 

2235R*  2,2' :6' ,2"-Terpyri dine 

K.  T.  Potts,  P.  Ralli,  G.  Theodoridis,  and  P.  Winslow,  Department  of 
Chemistry,  Rensselaer  Polytechnic  Institute,  Troy,  NY  12181 

2237  Addition  of  an  Ethylcopper  Complex  to  l-0ctyne:  (4Ej-5-Ethyl -1 ,4- 
Undecadi ene 

R.  S.  Iyer  and  P.  Helquist,  Department  of  Chemistry,  State 
University  of  New  York  at  Stony  Brook,  Long  Island,  NY  11794 

2238*  Esterification  of  Carboxylic  Acids  with  Dicyclohexylcarbodiimide/4- 

Dimethyl ami  nopyridine:  tert-Butyl  Ethyl fumarate 
B.  Neises  and  W.  Steglich,  Institut  fur  Organische  und  Biochemie, 
Universitcft  Bonn,  Gerhard-Domagk-Strasse  1,  D-5300  Bonn  1,  Federal 
Republic  of  Germany 

2239*  Indoles  from  2-Methyl ni trobenzenes  by  Condensation  with  N,N- 
Dimethyl formamide  Acetals  and  Reduction:  4-Benzyl oxyindol e 
A.  D.  Batcho  and  W.  Leimgruber,  Research  Division,  Hoffmann  -  La 
Roche  Inc.,  Nutley,  NJ  07110 

2241*  Formyl  Transfer  to  Grignard  Reagents:  3-Phenyl propional dehyde 
G.  A.  01  ah  and  M.  Arvanaghi,  Hydrocarbon  Research  Institute, 
University  of  Southern  California,  Los  Angeles,  CA  90007 

2243  Cyclobutene 

J.  Salaun  and  A.  Fadel ,  Universi te  de  Paris-Sud,  91405  Orsay  Cedex, 
France 

2244  Preparation  of  "Geminal  Ami  noamides"  [N-( 1-Ami  noalkyl ) Amides] :  J^- 
(1-Aminoi sobutyl ) Acetamide 

N.  M.  Gray,  M.  R.  Almond  and  G.  M.  Loudon,  Department  of  Medicinal 
Chemistry  and  Pharmacognosy,  Purdue  University,  W.  Lafayette,  IN 
47907 

2245*  Hexafluoroacetone 

M.  Van  Der  Puy  and  L.  G.  Anello,  Allied  Chemical,  Buffalo  Research 
Laboratory,  20  Peabody  Street,  Buffalo,  NY  14210 

2246*  Tris(Dimethyl amino)  Sulfonium  Di fl  uorotrimethyl  sil  icate 

W.  J.  Middleton,  E.  I.  duPont  deNemours  and  Co.,  Central  Research 

and  Development  Department,  Experimental  Station,  Wilmington,  DE 
19898 
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2248R*  2,3-0-Isopropyl idene-D-Erythronol actone 

N.  Cohen  and  B.  L.  Banner,  Department  of  Chemical  Research,  Hoffmann 
-  La  Roche  Inc.,  Nutley,  NJ  07110 

★ 

2249  (SM  +  )-2-(j)-Tolylsul  finyl  )-2-cyclopentenone 

M.  Hulce,  J.  P.  Mallamo,  L.  L.  Frye,  T.  P.  Kogan,  and  G.  H.  Posner, 
Department  of  Chemistry,  The  Johns  Hopkins  University,  Baltimore,  MD 
21218 

2250*  2-Methyl -2-Trimethyl silyl oxypentan-3-one 

S.  D.  Young,  C.  T.  Buse  and  C.  H.  Heathcock,  Department  of 
Chemistry,  University  of  California,  Berkeley,  CA  94720 

2251*  (2SR,3RS)-2,4-Dimethyl-3-hydroxypentanoic  Acid 

B.  Bal ,  C.  T.  Buse  and  C.  H.  Heathcock,  Department  of  Chemistry, 
University  of  California,  Berkeley,  CA  94720 

2252*  (2SR,3SR)-2 ,4-Dimethyl -3-hydroxypentanoic  Acid 

S.  H.  Montgomery,  M.  C.  Pirrung  and  C.  H.  Heathcock,  Department  of 
Chemistry,  University  of  California,  Berkeley,  CA  94720 

2253  Diethyl  [(2-Tetrahydropyranyloxy)methyl]phosphonate 

A.  F.  Kluge,  Institute  of  Organic  Chemistry,  Syntex  Research,  Palo 
Alto,  CA  94304 

2255  (-)-Isopinocampheol 

C.  F.  Lane  and  J.  J.  Daniels,  A1  drich-Boranes,  Inc.,  Route  3, 
Sheboygan,  Falls,  WI  53085 

2259  Geminal  Acyl ation-Al kyl ation  at  a  Carbonyl  Center  using  Diethyl  N- 

Benzyl ideneami nomethyl phosphonate:  Preparation  of  2-Methyl-2- 
phenyl -4-pentenal 

S.  K.  Davidsen,  G.  W.  Phillips,  and  S.  F.  Martin,  Department  of 
Chemistry,  The  University  of  Texas  at  Austin,  Austin,  TX  78712 

2261*  a-Hydroxy  Ketones  from  the  Oxidation  of  Enol  Silyl  Ethers  with  m- 
Chl oroperbenzoic  Acid 

G.  M.  Rubottom,  J.  M.  Gruber,  H.  D.  Juve,  Jr.,  and  D.  A.  Charleson, 
Department  of  Chemistry,  University  of  Idaho,  Moscow,  ID  83843 

2262  Asymmetric  Hydroboration  of  5-Substi tuted  Cyclopentadienes: 

Synthesis  of  Methyl  (2R,5R)-5-Hydroxy-2-cyclopentene-l-acetate 
J.  J.  Partridge,  N.  K.  Chadha  and  M.  R.  Uskokovic,  Department  of 
Natural  Products  Chemistry,  Hoffmann  -  La  Roche  Inc.,  Nutley,  NJ 
07110 

2266  Monoaza-18-crown-6 

H.  Maeda,  Y.  Nakatsuji  and  M.  Okahara,  Department  of  Applied 
Chemistry,  Faculty  of  Engineering,  Osaka  University,  Yamadaoka  2-1, 
Suita,  Osaka,  Japan  565 
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2268  Asymmetric  Reduction  of  a,g-Acetyl enic  Ketones  with  B-3-Pinanyl-9- 
borabicycl o[3. 3.1] nonane:  (R)-(+)-l-0ctyn-3-ol 

M.  M.  Midland  and  R.  S.  Graham,  Department  of  Chemistry,  University 
of  California,  Riverside,  CA  92521 

2270  A  Convenient  Preparation  of  Ethyl  4-Hydroxycrotonate 

A.  S.  Kende  and  P.  Fludzinski,  Department  of  Chemistry,  University 
of  Rochester,  Rochester,  NY  14627 

2271  (E)-Buten-3-ynyl-2,6,6-trimethyl-l-cyclohexene.  Conversion  of 
Methyl  Ketones  into  Terminal  Alkynes 

E. -i.  Negishi,  A.  0.  King  and  J.  M.  Tour,  Department  of  Chemistry, 
Purdue  University,  W.  Lafayette,  IN  47907 

2272  (+)-(7aS)-2,3,7 ,7a-Tetrahydro-7a-methyl -lH-i ndene-1 ,5 ( 6H)-dione 
Z.  G.  Hajos  and  D.  R.  Parrish,  65  Shady  Brook  Lane,  Princeton,  NJ 
08540 

2273  Asymmetric  Hydrogenation  of  Ketopantoyl  Lactone:  D-(-)-Pantoyl 
Lactone 

I.  Ojima,  T.  Kogure  and  Y.  Yoda,  Sagami  Chemical  Research  Center, 
Nishi-Ohnuma  4-4-1,  Sagamihara,  Kanagawa  229,  Japan 

2274*  (+ ) -Di ethyl  (2S,3R)-3-Allyl-2-hydroxysuccinate  from  (-)-Diethyl  (S) 

malate.  Diastereoselective  a-Alkylation  of  g-Hydroxycarboxyl  ic 
Esters  through  Alkoxide-enolates 

D.  Seebach,  J.  Aebi  and  D.  Wasmuth,  Laboratorium  fur  Organische 
Chemie,  Eidgenossi sche  Technische  Hochschule,  Universi tatstr  16,  CH 
8006,  Zurich,  Switzerland 

★ 

2275  Stereocontroll ed  Iodolactonization  of  Acyclic  Olefinic  Acids:  The 
Trans  and  Ci s  Isomers  of  4,5-Dihydro-5-iodomethyl-4-phenyl-2(3H)- 
Furanone 

F.  B.  Gonzalez  and  P.  A.  Bartlett,  Department  of  Chemistry, 
University  of  California,  Berkeley,  CA  94720 

2276  Hydroxyl ation  of  Enolates  with  MoOg*PyHMPA(MoOPH);  1,7,7-Trimethyl 
3-hydroxybicycl o[2 ,2.1]heptan-2-one 

E.  Vedejs  and  S.  Larsen,  Department  of  Chemistry,  University  of 

Wisconsin,  Madison,  WI  53706 

2277  Ethyl  Isocrotonate 

M.  J.  Taschner,  T.  J.  Rosen  and  C.  H.  Heathcock,  Department  of 

Chemistry,  University  of  California,  Berkeley,  CA  94720 

2278  Vinylation  of  Enolates  with  a  Vinyl  Cation  Equivalent:  trans-3- 
Methyl -2-vi nyl cycl ohexanone 

T.  C.  T.  Chang,  M.  Rosenblum  and  N.  Simms,  Department  of  Chemistry, 
Brandeis  University,  Waltham,  MA  02254 

2279*  Ozonolytic  Cleavage  of  Cyclohexene  to  Terminally  Differentiated 

Products:  Methyl  6-0xohexanoate,  6,6-Dimethoxyhexanal ,  Methyl  6,6- 
Dimethoxyhexanoate 

R.  E.  Claus  and  S.  L.  Schreiber,  Department  of  Chemistry,  Yale 
University,  New  Haven,  CT  06511 
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2282  Stereospecific  Reduction  of  Propargyl  Alcohols:  (E)-3- 

Tri methyl silyl -2- propen- l-ol 

T.  K.  Jones  and  S.  E.  Denmark,  Roger  Adams  Laboratory,  School  of 
Chemical  Sciences,  University  of  Illinois,  Urbana,  IL  61801 

2284R*  Valinol 

G.  A.  Smith  and  R.  E.  Gawley,  Department  of  Chemistry,  P.0.  Box 
249118,  University  of  Miami,  Coral  Gables,  FL  33124 

2285*  2-A1 kenyl carbinol s  from  2-Hal oketones:  2-E-Propenyl cycl ohexanol 

P.  A.  Wender,  D.  A.  Holt  and  S.  McN.  Sieburth,  Department  of 
Chemistry,  Stanford  University,  Stanford,  CA  94305 

2286  Dial koxyacetyl enes:  Di-tert-Butoxyethyne,  a  Valuable  Synthetic 

Intermedi ate 

A.  Bou,  M.  A.  Pericas,  A.  Riera,  and  F.  Serratosa,  Department  de 
Qufmica,  Organica  Facultat  de  Quimica,  Universitat  de  Barcelona, 
Diagonal  647,  Barcelona  -  28,  Spain 

2287  Conversion  of  Epoxides  to  e-Hydroxy  Isocyanides.  Trans-2- 
I socyanocycl ohexanol 

P.  G.  Gassman  and  T.  L.  Guggenheim,  Department  of  Chemistry, 
University  of  Minnesota,  Minneapolis,  Minnesota  55455 

2288  Methyl enation  of  Esters  -  The  Synthesis  of  Enol  Ethers 

S.  H.  Pine,  R.  J.  Pettit  and  G.  D.  Geib,  Department  of  Chemistry, 
California  State  University,  Los  Angeles,  CA  90032 

2289  Optically  Active  Epoxides  from  Vicinal  Diols  VIA  Vicinal 
Acetoxybromides:  The  Enantiomeric  Methyl oxi ranes 

M.  K.  Ellis  and  B.  T.  Golding,  Department  of  Chemistry  and  Molecular 
Sciences,  University  of  Warwick,  Coventry  CV4  7AL ,  England 

2290  0-Di phenyl phosphinyl hydroxyl  amine  (DPH) 

W.  Klcrtzer,  J.  Stadlwieser  and  J.  Raneburger,  Institut  far 
Organische  und  Pharmazeuti sche  Chemie,  Universitart  Innsbruck, 

Innrain  52a,  A-6020  Innsbruck,  Austria 

★ 

2291  Deoxygenation  of  Secondary  Alcohols:  3-Deoxy-l ,2 ,5 ,6-Di-O- 
Isopropyl i dene-a-D-Ribo-hexofuranose 

S.  Iacono  and  J.  R.  Rasmussen,  Department  of  Chemistry,  Cornell 
University,  Ithaca,  NY  14853 


■Jf 

Indicates  that  the  procedure  has  been  subsequently  checked. 
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CUMULATIVE  SUBJECT  INDEX 


FOR  VOLUMES  6b,  61  AND  62 


This  index  comprises  subject  matter  for  Volumes  60,  61  and  62  only.  For 
subjects  in  previous  volumes,  see  the  cumulative  indices  in  Volume  59,  which 
covers  Volumes  55  through  59,  and  Volume  54,  which  covers  Volumes  50  through 
54,  and  either  the  indices  in  Collective  Volumes  I  through  V  or  the  single 
volume  entitled  Organic  Syntheses,  Collective  Volumes  I,  II,  III,  IV,  V, 
Cumulative  Indices,  edited  by  R.  L.  Shriner  and  R.  H.  Shriner. 

The  index  lists  the  names  of  compounds  in  two  forms.  The  first  is  the 
name  used  commonly  in  procedures.  The  second  is  the  systematic  name  according 
to  Chemical  Abstracts  nomenclature.  Both  are  accompanied  by  its  registry 
number  in  brackets.  Also  included  are  general  terms  for  classes  of  compounds, 
types  of  reactions,  special  apparatus,  and  unfamiliar  methods. 

Most  chemicals  used  in  the  procedure  will  appear  in  the  index  as  written 
in  the  text.  There  generally  will  be  entries  for  all  starting  materials, 
reagents,  intermediates,  important  by-products,  and  final  products.  Entries 
in  capital  letters  indicate  compounds,  reactions,  or  methods  appearing  in  the 
title  of  the  preparation. 
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ACETAM IDE,N— (2, 4- DI FORM YL -5- HYDROXY PHENY L ) -  [67149-23-9],  60,  49 
Acetami de,  N-[2,4-bi s ( 1 , 3-diphenyl -2-imi dazol i di nyl ) -5-hydroxy phenyl  ]- 
[67149-22-8],  60,  50 

Acetamide,  N-( 3-hydroxyphenyl )-  [621-42-1],  60,  49 

3-Acetamidophenol  [621-42-1],  60,  49 

Acetic  acid  [64-19-7],  61,  22;  62,  15,  165 

Acetic  aci d-2-13C  [1563-80-0],  drying  of,  60,  97 

Acetic  acid  anhydride  [108-24-7],  61,  22 

Acetic  acid,  bromo-,  ethyl  ester  [105-36-2],  61,  122 

Acetic  acid,  diphenyl-  [117-34-0],  61,  45 

Acetic  acid,  lead  (4+)  salt  [546-67-8],  62,  30 

Acetic  acid,  manganese (2+)  salt,  tetrahydrate  [6156-78-1],  61,  22 

Acetic  acid,  [3,4-(methylenedioxy]phenyl ]-  [2861-28-1],  62,  77 

Acetic  acid,  ( 1-methyl ethenyl )ester,  60,  67 

Acetic  acid,  pal ladium(2+)  salt  [3375-31-3],  61,  82 

Acetic  acid,  trifluoro-,  mercury(2+)  salt  [13257-51-7],  61,  48 

ACETIC  ACID,  (TRIMETHYLSILYL)-,  ETHYL  ESTER  [4071-88-9],  61,  122 

Acetic  acid  (triphenylphosphoranylidene)-,  ethyl  ester  [1099-45-2],  62,  209 

Acetone  cyanohydrin  [75-86-5],  60,  127 

Acetonitrile  [75-05-8],  62,  186 

Acetonitrile,  cyclohexylidene  [4435-18-1],  62,  179 

2- (Acetoxymethyl )allyltrimethylsilane  [72047-94-0],  62,  64,  66 
p-Acetylbenzonitri le  cyanohydrin,  60,  17 

3- Acetyl -5-chloro-2-oxazol idinone  [60759-48-0],  62,  151 
1-Acetyl cyclopropanecarboxylic  acid,  60,  69 

4- Acetyl -7,8-dimethyl -2-oxa-4-azabi cyclo[4.3.0]non-7-en-3-one  [65948-43-8], 

62,  152 
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1- Acety 1 -2-methyl cyclohexene,  62,  19 
3-Acetyl -2-oxazol idi none  [1432-43-5],  62,  150 

3- Acetyl-2(3H)-oxazolone  [60759-49-1],  62,  151 
Acetylation,  of  2-oxazol  idi  none,  62,  149 
Acetylene  [74-86-2],  62,  2 

ACID  CHLORIDES  FROM  a-KETO  ACIDS,  61,  1 
Acrolein  [107-02-8],  62,  140 

ACRYLIC  ACID,  2-(BR0M0METHYL)- ,  METHYL  ESTER  [4224-69-5],  61,  77 
Acyclic  enol  phosphates,  62,  19 

Acylation,  of  ethyl  (tri phenyl phosphoranyli dene )acetate,  62,  202 
ACYLOIN  CONDENSATION  BY  THIAZOLIUM  ION  CATALYSIS,  62,  170 
Acyloins,  table  of,  62,  177 

2- Adamantanone  [700-58-3],  60,  105,  113 
ADAMANTYLIDENEADAMANTANE  [30541-56-1],  60,  113 
Adogen  464  [50934-77-5],  60,  11 

ALIPHATIC  B-KETOESTERS ,  61,  5 
Alkene  photodimerization,  62,  125 

Alkenes,  amination  with  palladium(II)  catalysis,  62,  48 
Alkenyl  iodides  from  alkenyl -copper  derivatives,  62,  1 
a-tert -ALKYLATION  OF  KETONES,  62,  95 

4- ALKYLBENZOYL  CHLORIDES,  61,  8 

3- Alkyl -a,3-unsaturated  esters,  62,  21 

B-ALKYL-ot, B-UNSATURATED  ESTERS  FROM  ENOL  PHOSPHATES  OF  B-KETO  ESTERS, 

62,  14 

Allenes,  from  Wittig  reagents  and  acid  chlorides,  62,  202 
a-ALLENIC  ESTERS  FROM  a-PHOSPHORANYLIDENE  ESTERS  AND  ACID  CHLORIDES: 
ETHYL  2,3-PENTADIENOATE ,  62,  202 
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a-Allenic  esters,  table  of,  62,  202 
Allyl  anion  synthon,  62,  64 
Allyl  bromide  [106-95-6],  62,  49 
Allylation,  of  isobutyraldehyde,  62,  125 

ALLY LTR I ALKYLS I  LANE ,  CONJUGATION  ADDITION  TO  a,  3-UNSATURATED  KETONES,  62,  86 

AI lyltrimethyl si  1 ane  [762-72-1],  62,  86 

Alumi nate(l-) ,  tetrahydro-,  lithium,  [16853-85-3],  61,  42 

Aluminum  chloride  [7446-70-0],  61,  8 

Aluminum,  trimethyl-  [75-24-1],  62,  38 

Ami  nation,  of  alkenes  with  palladium(II)  catalysis,  62,  48 

Amines,  by  displacement  of  hydroxyl  with  phthalimide,  62,  48 

Amines  from  tertiary  alcohols,  table,  60,  107 

m-Ami nobenzotri fluoride  [98-16-8],  60,  121 

6-Amino-3, 4-dimethyl -cis-3-cyclohexen-l-ol  [65948-45-0],  62,  152 
2-Ami  noethanol  [141-43-5],  62,  150 
5-Ami notetrazole  [4418-61-5],  61,  14 
5-Ami notetrazole  monohydrate  [15454-54-3],  61,  14 
Ammonium,  benzyl tri ethyl -,  chloride  [56-37-1],  61,  24,  85 
Ammonium,  tetrabutyl-,  fluoride,  hydrate  [22206-57-1],  61,  122 
Ammonium,  tetrabutyl-,  hydroxide  [2052-49-5],  61,  122 
ANDR0STAN0L0NE  [521-18-6],  61,  116 

ANDR0STAN-3-0NE,  17-HYDR0XY-, (5a,  173)-  [521-18-6],  61,  116 
5a-ANDR0STAN-3-0NE,  173-HYDROXY-  [521-18-6],  61,  116 
ANDR0ST-2-EN-17-0L,  (5a,  173)-  [2639-53-4],  61,  116 
5a-ANDR0ST -2-EN-173-0L  [2639-53-4],  61,  116 
Aniline,  60,  68 

Aniline,  N,N-dimethyl -  [121-69-7],  62,  40 
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p-Anisaldehyde  [123-11-5],  62,  196 
o-Anisic  acid  [579-75-9],  61,  59 
Anisole  [100-66-3],  62,  24,  158 
ANODIC  OXIDATION  OF  ACIDS,  60,  1 

Aromatic  hydrocarbons,  by  reduction  of  quinones,  62,  165 

AROMATIC  3-KETOESTERS,  61,  5 

ARYLATION  OF  3-DICARBONYL  COMPOUNDS,  62,  24 

Aryllead  derivatives,  reaction  with  3-ketoesters ,  62,  24 

Aryllead  triacetate,  62,  27 

Aryl  lithium,  addition  to  nitriles,  62,  74 

Aryl  radicals,  addition  to  electron-deficient  alkenes,  62,  67 

Aryl  radicals,  from  reduction  of  diazonium  salts,  62,  67 

Arylsulfonyl  chlorides,  table,  60,  124 

ASYMMETRIC  SOLVENT  INDUCTIONS,  61,  24 

ATROPALDEHYDE  [4432-63-7],  60,  6 

Atropaldehyde  diethyl  acetal,  60,  7 

13-Azabicyclo[7.3.1]tridecan-5-ol ,  stereoisomer  [61714-12-3],  61,  103 
Azide  anion,  substitution  for  chloride,  62,  187 
2-Azido-2-phenyladamantane  [65218-96-4],  60,  104 
AZULENE  [275-51-4],  62,  139 

Benzalacetone  [122-57-6],  62,  86 
Benzaldehyde  [100-52-7],  61,  42;  62,  180 
Benzaldehyde,  4-methoxy-  [123-11-5],  62,  196 
Benzamidine  hydrochloride  [1670-14-0],  60,  53 
Benz[a]anthracene  [56-55-3],  62,  169 
Benz[a]anthracene-7-12-dione  [2498-66-0],  62,  169 
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Benzenami ne ,  N,N-dimethyl -  [121-69-7],  62,  40 

Benzenamine,  N,N-dimethyl -2-( 2-phenyl ethenyl )-,  (Z)-  [70197-43-2), 

62,  47 

Benzenamine,  N-methyl-,  trifluoroacetate  [29885-95-8],  60,  88 
Benzenamine,  3-(tri fl uoromethyl )-  [98-16-8],  60,  121 
Benzene,  (2-bromoethenyl )-  (Z)-  [588-73-8],  62,  47 
Benzene,  l-chloro-2,4-dinitro-  [97-00-7],  62,  139 
Benzene,  (chloromethyl )-  [100-44-7],  62,  178 

Benzene,  1,1' -( l-chloro-3-methylcyclopropane-l  ,2-diyl )bi s -,  60,  56 
Benzene,  (2,2-dichiorocyclopropyl )-  [2415-80-7],  60,  6 
Benzene,  (2,2-diethoxycyclopropyl )-,  60,  8 

Benzene,  1,1 ‘ -( 1 ,2-ethenediyl )bi s-,  (E)-  [103-30-0],  61,  85,  93 

Benzene,  1-ethyl -3-nitro-  [7369-50-8],  60,  108 

Benzene,  hexamethyl-  [87-85-4],  61,  98 

Benzene,  iodo-  [591-50-4],  61,  82 

BENZENE,  (IS0CYAN0METHYL)-  [10340-91-7],  61,  14 

Benzene,  methoxy-  [100-66-3],  62,  30,  164 

BENZENE,  1,1' -( 3-METHYL- l-CYCLOPROPENE-l ,2-DIYL )BIS-  [51425-87-7],  60,  53 

Benzene,  1 -methyl -4-( 1-methyl  ethyl )-  [99-87-6],  62,  133 

Benzene,  pentyl  [538-68-1],  61,  8 

Benzene,  1-propenyl -(E)-  [873-66-5],  60,  54 

BENZENEACETALDEHYDE,  a-METHYLENE  [4432-63-7],  60,  6 

Benzeneacetic  acid,  a-phenyl  [117-34-0],  61,  42 

BENZENEACETONITRILE,  a-HYDROXY-a-PHENYL  [4746-48-9],  60,  14 

Benzeneacetonitrile,  4-methoxy-a-[(trimethylsilyl )oxy]-  [66985-48-6],  62,  196 

Benzenecarboximidamide  monohydrochloride  [1670-14-0],  60,  53 

1 ,4-Benzenediol  [123-31-9],  62,  157 
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Benzenemethanami nium,  N,N,N-triethyl chloride  [56-37-1],  60,  7,  68; 

61,  24,  85 

BENZENEMETHANOL,  a-BUTYL-  [583-03-9],  61,  42 
BENZENEMETHANOL,  a-BUTYL-,  (R)-  [19641-53-3],  61,  42 
BENZENEPROPANAL,  a-METHYL-  [5445-77-2],  61,  82 
Benzenepropanoi c  acid,  a,3-dibromo,  (R*,S*)-  [31357-31-0],  62,  47 
Benzenesul fonami de,  N-chl oro-4-methyl -,  sodium  salt,  trihydrate  [7080-50-4], 
61,  85 

BENZENESULFONAMIDE,  N-( 2-HYDR0XYCYCL0HEXYL ) -4-METHYL- ,  cis-  [58107-40-7], 

61,  85 

Benzenesul fonamide,  4-methyl -N-[2-( 2-propenyl )cyclopentyl ],  cis- 
[81097-06-5],  62,  57 

Benzenesul fonic  acid,  2,4,6-tris (1-methylethyl )-,  hydrazide  [39085-59-1], 

61,  141 

Benzenesul fonyl  chloride,  4-methyl-  [98-59-9],  62,  57 
BENZENESULFONYL  CHLORIDE,  3-( TRIFLUOROMETHYL )-  [777-44-6],  60,  121 
l,3-Benzodioxole-5-acetic  acid  [2861-28-1],  62,  85 
Benzoic  acid,  60,  13 

Benzoic  acid,  2-methoxy-  [579-75-9],  61,  59 
Benzonitrile  [100-47-0],  62,  85 
Benzophenone  [119-61-9],  60,  15 
BENZOPHENONE  CYANOHYDRIN  [4746-48-9],  60,  14 
Benzophenone,  sodium  ketyl ,  62,  77 
p-Benzoqui none  [106-51-4],  60,  128;  62,  57 

p-Benzoquinone  monotrimethylsilyl  cyanohydrin  [40861-57-2],  60,  126 
3,1-BENZOXAZEPINE  [15123-59-8],  61,  98 
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2( 3H)-Benzoxazolone,  3-acetyl -3a, 4, 7 ,7a -tetrahydro -5, 6-dimethyl  - 
[65948-43-8],  62,  157 
Benzoyl  chloride,  60,  73 

BENZOYL  CHLORIDE,  4-PENTYL-  [49763-65-7],  61,  8 

1-Benzoyl -2-( 1 ,3-di benzoyl -4-imidazol i n-2-yl )imidazole  [62457-77-6],  60,  73 

Benzyl  bromide,  60,  93 

Benzyl  chloride  [100-44-7],  62,  171 

3- Benzyl -5-( 2-hydroxy ethyl ) -4-methyl -1 , 3-th i azol ium  chloride  [4568-71-2] , 

62,  171 

BENZYL  ISOCYANIDE  [10340-91-7],  61,  14 

4- Benzyloxy-2-butanone  [6278-91-7],  60,  93 

5- Benzyloxy-3-hydroxy-3-methylpentanoic  acid-2-^C  [57830-65-6],  60,  94 
Benzyltriethyl ammoni urn  chloride  [56-37-1],  61,  24,  85 
Bicyclo[7.3.0]dodecane-l,5-diol  [52318-91-9],  61,  103 
Bicyclo[3.2.0]heptan-2-ol ,  3,3-dimethyl-  [71221-67-5],  62,  133 
Bicyclo[3.2.0]heptan-2-one,  3,3-dimethyl-  [71221-70-0],  62,  125,  133 
Bicyclo[2.2.1]heptan-2-one,  1,7,7-trimethyl-,  (1R)-  [464-49-3],  61,  141 
BICYCL0[4.1.0]HEPT-3-ENE,  7, 7-DIBR0M0-1 ,6-DIMETHYL-  [38749-43-8],  61,  39 
BICYCL0[2. 2. 0]HEXA-2, 5-DIENE,  1,2,3,4,5,6-HEXAMETHYL  [7641-77-2],  61,  62 
Bicyclo[4.2.0]octan-2-one,  6-methyl-  [13404-66-5],  62,  118 

2 , 2 1  - B i -lH-imidazole,  1,3-dibenzoyl -2,3-dihydro-,  monohydrochloride 
[65276-00-8],  60,  74 

2,2'-Bi-lH-imidazole,  1,1' ,3-tri benzoyl -2 ,3-dihydro-  [62457-77-6],  60,  73 
2,2‘-Bipyridine  [366-18-7],  61,  5,  65 
2 , 2 ' - B i py r i dy 1  [366-18-7],  61,  5,  65 
BIRCH  REDUCTION,  61,  59 
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Bis (copper ( I )  tri fl uoromethanesul fonate )benzene  complex  [37234-97-2], 

62,  127 

(S,S)-(+)-l ,4-BIS(DIMETHYLAMIN0)-2 ,3-DIMETHOXYBUTANE  [DOB]  [26549-21-3], 

61,  24,  42 

N-[2,4,-Bis ( 1 ,3-Diphenyl i mi dazol i di  n-2-yl ) -5-hydroxy phenyl ]acet amide 
[67149-22-8],  60,  50 

2, 4-Bi s (4-methoxy phenyl )-l ,3,2,4-dithi adi phosphetane  2,4-disulfide 
[19172-47-5],  62,  158 

BIS( 2,2 ,2- TRI CHLOROETHVL )AZ0D I CARBOXYL ATE  [38857-88-4],  61,  17 
1 ,2-bis (Trimethylsi loxy )-cyclobutene,  60,  19 
Borane-tetrahydrofuran  [14044-65-6],  61,  103 

9b-B0RAPHENALENE,  DODECAHYDRO-  [16664-33-8];  cis.cis-:  ( 3aa,6aa, 9a a) , 
[1130-59-2];  cis.trans-:  (3aa,6aa,9aB) ,  [2938-53-6],  61,  103 
Borate  (1-),  cycl ododecane-1 ,5,9-triylhydro-,  lithium  [36005-35-3],  61,  103 
Borate  (1-),  1,5,9-cyclododecane  triylhydro-,  lithium  [36005-35-3],  61,  103 
Borate  (1-),  tetrahydro-,  sodium  [16940-66-2],  61,  85 
Boric  anhydride-sulfuric  acid  scrubber,  60,  110 
Boron  trifluoride  butyl  etherate,  60,  27 
Boron  trifluoride  etherate  [109-63-7],  61,  116;  62,  195 
Bromination,  selective,  to  remove  3,  y-unsaturated  nitrile,  62,  179 
Bromine  [7726-95-6],  61,  35;  62,  78 
B-Bromoacetal s ,  preparation  from  acrolein,  62,  140 
Bromoacetate,  ethyl  ester,  62,  203 
4-Bromo-2-butanone  [28509-46-8],  62,  141,  148 
2-BR0M0-2-CYCL0PENTEN0NE  [10481-34-2],  61,  65 
2-BR0M0CYCL0PENTEN0NE  ETHYLENE  KETAL ,  61,  65 
2-( 2-Bromoethyl )-l ,3-dioxane  [33884-43-4],  62,  140 
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Bromoform  [75-25-2],  61,  39 

1- Bromoheptane  [629-04-9],  61,  59 

B-Bromoketals,  preparation  from  methyl  vinyl  ketone,  62,  140 

2- ( V  -Bromo-4' , 5 1 -methyl enedi oxyphenyl )ethanol ,  62,  78 

3- Bromopropanal ,  62,  141 
(Z)-B-Bromostyrene  [588-73-8],  62,  39 

1.3- Butadiene,  2,3-dimethyl-  [513-81-5],  62,  157 
Butanal  [123-72-8],  62,  117,  178 

1-Butanami ni urn,  N,N,N-tri butyl -,  perchlorate  [1923-70-1],  60,  58 

1- Butanami ni urn,  N,N,N-tri butyl -,  hydroxide  [2052-49-5],  61,  122 
Butane,  1-bromo-  [109-65-9],  61,  141;  62,  20 

Butane,  2-chloro-2-methyl -  [594-36-5],  62,  100 

BUTANEDIAMIDE ,  2,3-DIHYDR0XY-N,N,N' ,N‘-TETRAMETHYL-[R,R]-  [26549-65-5], 
61,  24,  42 

BUTANEDIAMIDE,  2,3-DIMETH0XY-N,N,N' , N 1 -TETRAMETHYL-[R,R ]-  [26549-29-1], 
61,  24,  42 

1 .4- BUTANEDIAMI NE-2 ,3-DIMETH0XY-N,N, N 1  ,N ' -TETRAMETHYL-,  (S,S )-(  +  )- 
[26549-21-3],  61,  24,  42 

Butanedioic  acid,  2,3-dihydroxy-[S,S]-  [147-71-7],  61,  24 

1 .2 .3.4- BUTANETETRACARBOXYLIC  ACID,  TETRAETHYL  ESTER  [4373-15-3],  60,  58 

2- Butanone,  4-bromo-  [28509-46-8],  62,  148 
2-BUTANONE ,  4-( 4-CHL0R0PHENYL )-  [3506-75-0],  62,  67 
2-Butanone,  4-hydroxy-  [590-90-9],  60,  93 

1- BUTANONE ,  l-( 1-METHYL-1-H-PYRR0L-3-YL)-  [62128-46-5],  62,  117 

2- Butanone,  4-phenylmethoxy-  [6278-91-7],  60,  93 
2-Butenedi oi c  acid,  (E)-,  diethyl  ester  [623-91-6],  60,  58,  59 
2-Butenoic  acid,  ethyl  ester,  (E)-  [623-70-1],  61,  85 
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3-Buten-2-one  [78-94-4],  61,  129;  62,  73,  148 
3-Buten-2-one,  4-methoxy-  [4652-27-1],  &1,  147 
3-Buten-2-one,  4-phenyl-  [122-57-6],  62,  94 

1- Buten-3-yne  [689-97-4],  62,  31 
tert -Butyl  alcohol  [75-65-0],  61,  85 

2- BUTYLBORNENE ,  61,  141 

Butyl  bromide  [109-65-9],  61,  141;  62,  4 

S-tert -BUTYL  CYCLOHEXYLMETHANETHIOATE  [54829-37-7],  61,  48,  134 

S-tert -BUTYL  ESTER  OF  CHOLIC  ACID  [58587-05-6],  61,  134 

Butyll ithium  [109-72-8],  61,  5,  42,  74,  116;  62,  1,  8,  47,  66 

sec-Butyllithium  [598-30-1],  61,  141 

tert -Butyl  lithium,  62,  85 

t-Butyl  phenyl  ketone  cyanohydrin,  60,  17 

2-Butyne  [503-17-3],  61,  62 

2-Butynedi oic  acid,  dimethyl  ester  [762-42-5],  60,  69 

2- BUTYNOIC  ACID,  4-HYDROXY- ,  METHYL  ESTER  [31555-05-2],  60,  81 
Butyraldehyde  [123-72-8],  62,  112,  170 

BUTYROI N  [496-77-5],  62,  170 
Y-BUTYROLACTONES,  61,  22 

3- BUTYR0YL-1-METHYLPYRR0LE  [7072-66-8],  62,  117 

D-Camphor  [464-49-3],  61,  141 

Cannula,  transfer  and  filtration  of  methyl  1 ithium,  62,  101 
Cannula  transfer  at  low  temperatures,  62,  2 
Carbamic  acid,  ethyl  ester  [51-79-6],  61,  93 

Carbamic  acid  chloro-,  ethyl  ester,  sodium  salt  [17510-52-0],  61,  93 
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CARBAMIC  ACID  (2-HYDR0XY-1 ,2-DIPHENYLETHYL)- ,  ETHYL  ESTER,  (R*,R*)- 
[73197-89-4],  61,  93 
Carbanion,  of  acetonitrile,  62,  179 
Carboal umi nati on  of  alkynes,  62,  31 
Carbocupration ,  62,  5 
Carbocupration  of  alkynes,  62,  1 

[Carboethoxymethylene]triphenylphosphorane  [1099-45-2],  62,  202 
Carbometallation ,  62,  33 

Carbomethoxyl ati on  of  Grignard  reagent,  60,  86 

Carbonochloridic  acid,  methyl  ester  [79-22-1],  60,  83 

Carbonochloridic  acid,  2,2,2-trichloroethyl  ester  [17341-93-4],  61,  17 

Carbonothi oi c  dichloride  [463-71-8],  61,  71 

Carbon  tetrachloride  [56-23-5],  61,  35 

Carbon  tetrachloride-dry  ice  slush  bath,  62,  16 

Carbonic  acid,  diethyl  ester  [105-58-8],  62,  157 

Carbonic  acid,  dimethyl  ester  [616-38-6],  62,  23 

Carbostyril  [493-62-9],  61,  98 

CARBOXYLIC  ACIDS  FROM  OXIDATION  OF  TERMINAL  ALKENES,  60,  11 
CATALYSIS,  OF  THE  ACYLOIN  CONDENSATION  BY  THIAZOLIUM  ION,  62,  170 
Cerium(IV)  sulfate,  62,  68 
CHIRAL  MEDIA,  61,  24 

Chloramine-T  trihydrate  [7080-50-4],  61,  85 
Chlorination,  of  3-acetyl -2-oxazol idinone,  62,  149 
Chlorination,  of  thietane  1,1-dioxide,  62,  210 
p-Chloroacetophenone  cyanohydrin,  60,  17 
4-Chloroaniline,  62,  69 
N-CHLORO-N-ARGENTOCARBAMATES,  61,  93 
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1- Chloro-2, 4-dinitrobenzene  [97-00-7],  62,  139 
(S)-l-Chloro-(S,R)-l ,2-diphenyl -(S)-3-methylcyclopropane,  60,  56 
( S)-l-Chloro-( S,S)-1 ,2-diphenyl -(R) -3-methyl cyclopropane,  60,  56 

2- Chloro-2-methylbutane  [594-36-5],  62,  100 
9b-Chl oroperhydrophenalene  [52079-56-8],  61,  103 
4-( 4-CHL0R0PHENYL)BUTAN-2-0NE  [3506-75-0],  62,  67 
CHL0R0PHENYLCARBENE,  60,  53 

3- Chlorothietane  1,1-dioxide  [15953-83-0],  62,  211 

Chi orotri methyl  si  lane  [75-77-4],  61,  122,  147;  62,  66,  100,  201 
CH0LANE-24-THI0IC  ACID,  3,7, 12-TRIHYDR0XY-S-( 1 , 1-DIMETHYLETHYL)ESTER, 

(3a, 52, 7a, 12a)-  [58587-05-6],  61,  134 
Choi an-24-oi c  acid,  3,7,12-trihydroxy-,  (3a, 53, 12a)  [81-25-4],  61,  134 
Cholic  acid  [81-25-4],  61,  134 
Chromatography  column,  water-jacketed,  60,  37 
Chromium  trioxide,  60,  21 
Cinnamaldehyde,  62,  142 
Cinnamic  acid,  (E)-  [140-10-3],  62,  41 
CINNAMONITRILE  [1885-38-7],  62,  180 
Clemmensen  reaction,  60,  111 

Condensation,  of  acetonitrile  with  benzaldehyde,  62,  179 

Condensation,  of  acetonitrile  with  cyclohexanone,  62,  179 

Conjugate  addition,  of  al lyl tri al kylsi 1 anes ,  62,  86 

Conjugate  addition,  of  aryl  radicals,  62,  67 

Conjugate  addition,  of  cuprates  to  enol  phosphates,  62,  14 

CONJUGATE  ALLYLATI0N  OF  a, 3-UNSATURATED  KETONES  WITH  ALLYLSILANES,  62,  86 

Copper,  (u-( benzene) )bi s (tri fluoromethanesulfonato-0)di  -  [37234-97-2],  62,  133 

Copper,  carbocupration  of  alkynes,  62,  1 
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Copper  (I)-catalyzed  photocycloaddition,  62,  125 
Copper  chloride  (CuCl)  [7758-89-6],  61,  122;  62,  9 
Copper  iodide  [7681-65-4],  62,  8 
Copper(I)  iodide,  62,  8 

Crotonic  acid,  ethyl  ester,  (E)-  [623-70-1],  61,  85 
18-Crown-6-potassium  cyanide  complex,  60,  129 
Crum  Brown-Walker  reaction,  60,  4 

Cuprate  conjugate  addition,  to  enol  phosphates,  62,  14 
Cupric  chloride,  62,  10 

Cuprous  bromide-dimethyl  sulfide  complex,  62,  1 
Cuprous  chloride,  60,  42,  121;  61,  122 
CYANIC  ACID,  PHENYL  ESTER  [1122-85-6],  61,  35 
CYANIC  ACID  ESTERS,  61,  35 
1-Cyanocyclopropanecarboxylic  acid,  60,  69 
CYANOGEN  BROMIDE  [506-68-3],  61,  35 
Cyanohydrins,  60,  14,  17 
Cyanosi lylation ,  60,  15,  126;  62,  196 
table,  60,  131;  62,  200 

In  Situ  CYANOSILYLATION  OF  CARBONYL  COMPOUNDS:  O-TRIMETHYLSILYL- 
4-METHOXYMANDELONITRILE  [66985-48-6],  62,  196 
Cyclobuta-[f]-l,3-benzodioxole,  5,6-dihydro-  [61099-23-8],  62,  74,  85 
Cyclobutane  formation,  62,  125 

1 ,2-Cyclobutanedi ol ,  cis  [35358-33-9],  60,  26 

1 .2- Cycl obutanedi ol ,  trans  [35358-34-0],  60,  26 

1 .2- CYCL0BUTANEDI0NE  [33689-28-0],  60,  18 
Cyclobutanol  [2919-23-5],  60,  22 
CYCLOBUTANONE  [1191-95-3],  60,  20 
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Cyclododecanone  [830-13-7],  61,  74;  62,  195 
1,5,9-Cyclododecatriene  [4904-61-4],  61?-  103 
CYCL0D0DECENE  [1501-82-2] 

[(EJ-1486-75-5,  ( Z )- 1 1 29-89- 1 ]  ,  60,  29 
trans-CYCLODODECENE  [1486-75-5],  60,  29 
trans-Cycl ododecene  oxide  [4683-60-7],  60,  31 
CYCLODODECYL  MERCAPTAN,  61,  74 

2,5-Cyclohexadiene-l-carboni tri le,  4-oxo-l-[(tri methyl  si lyl )oxy]- 
[40861-57-2],  60,  126 

1,4-Cyclohexadiene,  1,2-dicarbonitri le,  4,5-dichloro-3,6-dioxo- 
[84-58-2],  61,  129 

1.4- Cyclohexadiene,  1,2-dimethyl-  [17351-28-9],  61,  39 

2.5- Cyclohexadiene-l,4-dione  [106-51-4],  60,  128;  62,  57 
CYCLOHEXANE,  l-METH0XY-l-METHYL-4-( 1-ETHENYL- 1-METHYL)-  cis  [24655-71-8], 

61,  112 

CYCLOHEXANE,  l-METH0XY-l-METHYL-4-( 1-ETHENYL-l-METHYL)-  ,  trans- 
[24655-72-9],  61,  112 

,a-Cycl ohexaneacetoni tri  le  [4435-18-1],  62,  186, 

CYCLOHEXANECARBOTHIOIC  ACID,  S-( 1 , 1-DIMETHYLETHYL)  ESTER  [54829-37-7], 

61,  48,  134 

Cyclohexanecarboxylic  acid  [98-89-5],  61,  134 
CYCLOHEXANECARBOXYLIC  ACID,  tert -BUTYL  ESTER  [16537-05-6],  61,  48 
CYCLOHEXANECARBOXYLIC  ACID,  1 , 1-DIMETHYLETHYL  ESTER  [16537-05-6],  61,  48 
Cyclohexanecarboxylic  acid,  2-oxo-,  ethyl  ester  [1655-07-8],  62,  30 
Cyclohexanecarboxylic  acid,  2-oxo-,  methyl  ester  [41302-34-5],  62,  23 
Cyclohexane-1, 3-dione  [504-02-9],  61,  59 
1,3-Cyclohexanedione  [504-02-9],  61,  59 
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Cyclohexanone  [108-94-1],  62,  15,  186 
CYCLOHEXANONE,  2-( 2-0X0PR0PYL)-  [6126-53-0],  60,  117 
Cyclohexanone  cyanohydrin,  60,  17 
Cyclohexene  [110-83-8],  61,  85 

CYCLOHEXENE,  l-METHYL-4-( 1-METHYLETHENYL)-  [5989-27-5],  61,  112 
1-Cyclohexene-l-carboxylic  acid,  2-[(di ethoxyphosphi nyl ]oxy]-,  methyl  ester 
[71712-64-6],  62,  23 

1- Cyclohexene-l-carboxylic  acid,  2-methyl-,  methyl  ester  [25662-38-3],  62,  24 
3-Cyclohexen-l-ol  ,  6-amino-3, 4-dimethyl -,  cis-  [65948-45-0],  62,  152 

2- Cyclohexen-l-one,  3-methyl-  [1193-18-6],  62,  124 

Cycl ohex-2-en-l-one ,  photocycloaddition  to  ethylene,  62,  118 

CYCLOHEXYL  I DENEACETON I TR I LE  [4435-18-1],  62,  179 

Cycl ooctanecarboxal dehyde  [6688-11-5],  61,  129 

Cycl ooctanone  cyanohydrin,  60,  17 

Cyclooctene  [931-88-4],  61,  85 

Cyclooctene,  (Z)-  [931-87-3],  60,  63 

cis -Cyclooctene  [931-87-3],  60,  63 

cis -CYCLOOCTENE  OXIDE  [4925-71-7],  60,  63 

3a,7( lH)-Cyclopentacyclononenediol  ,  decahydro-  [52318-91-9],  61,  103 
Cyclopentadienide,  sodium,  62,  134 

Cycl opentanami ne ,  2-( 2-propenyl )-,  cis-  [81097-02-1],  62,  57 
Cycl opentanol  ,  2-( 2-propenyl )-,  trans-  [74743-89-8],  62,  57 
Cycl opentanone  [120-92-3],  62,  100 
CYCLOPENTANONE,  2-(tert -PENTYL-)  [25184-25-2],  62,  95 

CYCLOPENTA[b] PYRROLE,  1 ,3a ,4,5,6, 6a-HEXAHYDR0-2-METHYL-l-[(4-METHYLPHE NYL) - 
SULFONYL]-,  cis-  [81097-07-6],  62,  48 
Cyclopentene  oxide  [285-67-6],  62,  49 


241 


2-Cyclopentenone  [930-30-3],  61,  65 
2-Cyclopenten-l-one  [930-30-3],  61,  65  v 
2-CYCL0PENTEN-1-0NE,  2-BR0M0-  [10481,34-2],  61,  65 
CYCLOPROPANECARBOXALDEHYDE  [1489-69-6],  60,  25 
Cyclopropane-1, 1-di carboxylic  acid  [598-10-7],  60,  67 
Cycl opropanemethanol  [2516-33-8],  60,  21 
Cyclopropylcarbinol  [2516-33-8],  60,  21 
CYCLOUNDECANECARBOXYLIC  ACID  [4373-07-3],  62,  191 
p-Cymene,  62,  133 


Dean-Stark  trap,  62,  125 

DECANEDIOIC  ACID,  DIMETHYL  ESTER  [106-79-6],  60,  1 
2-DECANONE ,  62,  9 

1- Decene  [872-05-9],  60,  13;  61,  22,  85;  62,  9 
(Z)-5-Decene  [7433-78-5],  61,  85 

5-Decene,  (Z)-  [7433-78-5],  61,  85 

Dehydrochlorination,  of  3-acetyl -2-oxazolidi none,  62,  149 
Dehydrochlorination,  to  form  thiete  1,1-dioxide,  62,  210 
DEOXYGENATION  OF  EPOXIDES,  60,  29 
DIANION,  OF  2-METHYLALLYL  ALCOHOL,  62,  58 

DIAZENEDICARBOXYLIC  ACID,  BIS(2,2,2-TRICHL0R0ETHYL)  ESTER  [38857-88-4],  61,  17 

Diazenedicarboxylic  acid,  diethyl  ester  [1972-28-7],  62,  57 

3H-Diazirine,  3-chloro-3-phenyl -  [4460-46-2],  60,  55 

Diazonium  salts,  homolytic  cleavage,  62,  70 

Diazotization,  60,  121 

2- (l,3-Dibenzoylimidazolidin-2-yl ) -imidazole  hydrochloride  [65276-01-9], 

60,  74 
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2- (1,3-Di benzoyl -4-imi dazol i n-2-yl ) -imidazole  hydrochloride  [65276-00-8] , 
60,  74 

7 ,7-DIBR0M0-l ,6-DIMETHYLBICYCL0[4 .1 .0]HEPT -3-ENE  [38749-43-8],  61,  39 

1 .2- Dibromoethane  [106-93-4],  60,  67;  62,  5 
6,6‘-Dibromoisobutyric  acid  [41459-42-1],  61,  77 

2 .6- Di -t -butyl -4-methyl pyridi ne  [38222-83-2],  60,  34 
recovery  of,  60,  39 

2.6- Di -t -butyl -4-methyl pyryl i urn  trifluoromethanesulfonate,  60,  34 

2.6- Di -t -butyl -4-neopentyl pyri di ne ,  60,  37 
Dichloroacetic  acid,  62,  24 

Dichlorobi s[n^-cyclopentadi enyl ]zi rconi  urn  [1291-32-3],  62,  31 

2.3- Dichloro-5,6-dicyano-l,4-benzoquinone  [DDQ]  [84-58-2],  61,  129 
1 ,2-Dichloroethane,  62,  31 

a,a-Dichloromethyl  methyl  ether  [4885-02-3],  61,  1 
1 ,l-Dichloro-2-phenylcyclopropane  [2415-80-7],  60,  6 
Dici nnamal acetone  [622-21-9],  62,  141-148 

Dicinnamalacetone,  as  indicator  for  hydrogen  bromide  addition,  62,  141 
Dicyclopentadiene,  62,  139 
Dicyclopentadiene,  cracking,  62,  134 
DIELS-ALDER  REACTION,  61,  147 

OF  1,2,4,5-HEXATETRAENE,  60,  41 

Diels-Alder  reaction,  of  3-acetyl -2(3H)-oxazolone  and  2,3-dimethyl -1 ,3- 
butadiene,  62,  149 

Diethyl  azodi carboxyl  ate  [1972-28-7],  62,  50 

Diethyl  bi s (hydroxymethyl )malonate  [20605-01-0],  61,  56,  77 

Diethyl  carbonate,  62,  157 

Diethyl  chlorophosphate  [814-49-3],  62,  16,  18 
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Diethyl  ethoxysucci nate,  60,  59 
Diethyl  fumarate  [623-91-6],  60,  58,  59  \ 

Diethyl  maleate,  60,  59 

Diethyl  malonate  [105-53-3],  60,  67 

Diethyl  phosphorochloridate  [814-49-3],  61,  134;  62,  16,  18 

Diethyl  succinate,  60,  59 

Diethyl  tartrate  [608-84-4],  61,  24 

N-( 2, 4-D I  FORM YL-5-HYDR0XYPHENYL) ACETAMIDE  [67149-23-9],  60,  49 

Diglyme  [111-96-6],  61,  103 

Dihydropyran  [110-87-2],  60,  82 

Di isopropyl  amine  [108-18-9],  61,  116 

1,4-Diketones,  table,  60,  120 

Dimethoxyethane  purification,  60,  115 

(R,R)-(+)-2,3-DIMETH0XY-N,N,N 1 ,N '-TETRAMETHYLSUCCINIC  ACID  DIAMIDE 
[26549-29-1],  61,  24 

Dimethyl  acetylenedicarboxylate  [762-42-5],  60,  43 
Dimethyl  ami ne  [124-40-3],  61,  24,  116;  62,  139 
2-( N,N-Dimethylami no)phenyl 1 i thium  [22608-37-3],  62,  40 
(Z)-B-[2-(N,N-DIMETHYLAMIN0)PHENYL]STYRENE  [70197-43-2],  62,  39 
N,N-Dimethylani 1 ine  [121-69-7],  62,  40 

2.3- Dimethylbutadiene  [513-81-5],  62,  152 
Dimethyl  carbonate,  62,  14 

3.3- DIMETHYL-ci s-BICYCL0[3 .2 .0]HEPTAN-2-0NE  [71221-70-0],  62,  125 
1 ,2-Dimethyl -1 ,4-cycl ohexadiene  [17351-28-9],  61,  39 

DIMETHYL  DECANEDIOATE  [106-79-6],  60,  1 

6,6-Dimethyl -5, 7-di oxaspi ro[2 .5]octane-4 ,8-di one  [5617-70-9],  60,  67 
N,N-Dimethylformamide,  62,  40 
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Dimethyl  hexanedi oate  [627-93-0],  60,  2 
N,N-Dimethylphosphoramidic  dichloride  [677-43-0],  61,  116 
Dimethyl  1,3-propanedioate  [108-59-8],  60,  78 
Dimethyl  sulfate  [77-78-1],  61,  24 
Dimethyl  tetradecanedioate,  60,  4 

1.6- DIMETHYLTRICYCL0[4.1.0.02’7]HEPT-3-ENE,  61,  39 
N-(2,4-Dinitrophenyl )pyridinium  chloride,  62,  134 
m-Dioxane,  2-( 2-bromoethyl )-  [33884-43-4],  62,  148 

1.3- Dioxane,  2-( 2-bromoethyl )-  [33884-43-4],  62,  148 

5.7- Dioxaspi ro[2.5]octane-4,8-dione,  6,6-dimethyl-  [5617-70-9],  60,  67 

1.3- Dioxolo[4,5-g]isoquinoline,  7,8-dihydro-5-phenyl -  [55507-10-3],  62,  74 
Diphenylacetic  acid  [117-34-0],  61,  45 

Diphenyl  chlorophosphate  [2524-64-3],  62,  187 
1 ,2-DIPHENYL-3-METHYLCYCL0PR0PENE  [51425-87-7],  60,  53 
DIPHENYL  PH0SPH0RAZIDATE  [26386-88-9],  62,  187,  195 
Diphenyl  phosphorochloridate  [2524-64-3],  62,  187 

1 .3.2.4- Dithi aphosphetane,  2, 4-bis(4-methoxy phenyl ) -2,4-disulfide 
[19172-47-5],  62,  164 

1.4- DITHIASPIR0[4.11]HEXADECANE  [16775-67-0],  61,  74 
1-Docosene,  60,  13 

1,3,6,10-Dodecatetraene,  3,7 ,11-trimethyl  -  [502-61-4],  62,  31 
Dowex  50-X4  cation  resin,  for  hydrolysis  of  acetals,  60,  86 

1-Eicosene  [3452-07-1],  60,  11 
ELECTR0HYDR0DIMERIZATI0N,  60,  58 
electrode  assembly  for,  60,  1 
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Electrolysis : 

pH  control  in,  60,  61  \ 

power  supply  for,  60,  60,  79 
Electrophilic  allyl  cation  synthon,  62,  64 
Elimination,  of  3-bromocarboxylic  acids  by  azide  ion,  62,  39 
Enamine  formation,  from  pyrrolidine  and  cyclododecanone,  62,  191 
ENAMINES,  61,  129 
ENANTIOSELECTI VE  ADDITION,  61,  42 
Enol  ether,  trimethyl  si lyl ,  62,  95 
Enol  phosphate,  62,  16 
EPOXIDATION,  60,  63 

Epoxide  ring  opening,  by  a  Grignard  reagent,  62,  48 
Erythro-a,$-Dibromo-3-phenylpropionic  acid  [31357-31-0],  62,  41 
0-ESTERS,  61,  48 

Ethanamine,  N,N-diethyl-  [121-44-8],  61,  35,  77,  103;  62,  178,  209 
Ethane,  1,2-dibromo-  [106-93-4],  60,  67;  62,  105 

Ethane,  1 ,1 1 -oxybi s-,  compound  with  tri f 1 uoroborane  (1:1)  [109-63-7], 

61,  116;  62,  195 

Ethane,  1, 1' -oxybi s (2-methoxy )-  [111-96-6],  61,  103 

1 .2- Ethanedi ami ne,  N,N,N‘ ,N ' -tetramethyl -  [110-18-9],  61,  141;  62,  66 
Ethanedioic  acid  dihydrate  [6153-56-6],  60,  21 

1 .2- Ethanedi ol  [107-21-1],  61,  65,  103 
Ethanedioyl  dichloride  [79-37-8],  61,  8,  134 

1 .2- Ethanedithiol  [540-63-6],  61,  74 

1 .1 .2.2- ETHANETETRACARBOXYLIC  ACID,  TETRAETHYL  ESTER,  [5464-22-2],  60,  78 
Ethanol,  2-amino-  [141-43-5],  62,  157 

Ethanol,  thallium  (1+)  salt  [20398-06-5],  61,  134 
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Ethanone,  l-(3-rritrophenyl )-  [121-89-1],  60,  109 

Ethene  [74-85-1],  62,  124 

Ethene,  bromo-  [593-60-2],  62,  133 

Ether,  bi s (2-methoxyethyl )  [111-96-6],  61,  103 

Ether,  dichl oromethyl  methyl  [4885-02-3],  61,  1 

ETHER,  p-MENTH-8-EN-l-YL  METHYL,  cis-  [24655-71-8],  61,  112 

ETHER,  p-MENTH-8-EN-l-YL  METHYL,  trans-  [24665-72-9],  61,  112 

(Ethoxycarbonylmethylene)triphenylphosphorane  [1099-45-2],  62,  203 

Ethyl  bromoacetate  [105-36-2],  61,  122;  62,  202 

ETHYL  a- ( BROMOETHYL ) ACRYLATE  [17435-72-2],  61,  56 

ETHYL  2-BUTYRYLACETATE  [7152-15-0],  61,  5 

Ethyl  carbamate  [51-79-6],  61,  93 

Ethyl  N-chloro-N-sodi ocarbamate  [17510-52-0],  61,  93 

Ethyl  crotonate  [623-70-1],  61,  85 

Ethylene,  62,  124 

Ethylene,  bromo-,  62,  133 

Ethylenediamine,  N,N,N‘ ,N'-tetramethyl -  [110-18-9],  61,  116;  62,  66 

Ethylene  dibromide  [106-93-4],  60,  67;  62,  79 

Ethylene  glycol  [107-21-1],  61,  65,  103 

Ethylene,  photocycloaddition  to  cyclohexenone,  62,  118 

Ethyl  ether,  compound  with  boron  fluoride  ( BF ^ )  (1:1)  [109-63-7], 

61,  116;  62,  195 
Ethylmagnesium  bromide,  60,  83 

ETHYL  l-(p-METHOXYPHENYL )-2-0X0CYCL0HEXANECARB0XYLATE ,  62,  24,  25 

Ethyl  2-methylcyclohexene-l-carboxylates,  62,  18 

Ethyl  2-oxocyclohexanecarboxylate  [1655-07-8],  62,  18,  25,  30 

ETHYL  threo-[l-( 2-HYDROXY- 1 ,2-DIPHENYL ) ETHYL ]CARBAMATE  [73197-89-4],  61,  93 
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ETHYL  TRIMETHYLSILYLACETATE  [4071-88-9],  61,  122 
Ethyne  [74-86-2],  62,  8  N 

ct-FARNESENE  [502-61-4],  62,  31 
6-Z  isomer  of,  62,  35 
Flash  chromatography,  62,  77 
Fluorenone  cyanohydrin,  60,  17 
Formic  acid,  60,  7 

Formic  acid,  azodi-,  diethyl  ester,  62,  57 

Formic  acid,  chloro-,  2,2,2-trichloroethyl  ester  [17341-93-4],  61,  17 
Formic  acid,  methyl  ester  [107-31-3],  61,  1 
Formylation  of  phenols,  60,  52 

3-Formylquinoline-2(lH)-thione  [51925-41-8],  61,  71 
2-Furaldehyde  [98-01-1],  62,  178 

2- Furancarboxaldehyde  [98-01-1],  62,  178 
2,5-Furandione  [108-31-6],  61,  147 
2(3H)-FURAN0NE,  DIHYDR0-5-0CTYL-  [2305-05-7],  61,  22 

Furan,  tetrahydro-,  compound  with  borane  (1:1)  [14044-65-6],  61,  103 

Geraniol,  62,  33 

Geranyl  chloride  [5389-87-7],  62,  32 

3- HALOACETALS  AND  -KETALS:  2-( 2-BR0M0ETHYL)-l ,3-DI0XANE  AND  2,5,5-TRIMETHYL- 

2-( 2-BR0M0ETHYL)-l ,3-DI0XANE ,  62,  140 

4- HAL0BENZ0YL  CHLORIDES,  61,  8 
Halogen-lithium  exchange,  selective,  62,  74 
Heneicosanoic  acid,  60,  13 
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Heptadecanoic  acid,  60,  13 

1 ,6-Heptadi en-3-ol ,  4,4-dimethyl-  [58144-16-4],  62,  133 
Heptane,  1-bromo-  [629-04-9],  61,  59 
Heptanoic  acid,  60,  13 

6-Hepten-2-one,  4-phenyl-  [69492-29-1],  62,  86 

2-HEPTYL-2-CYCL0HEXEN0NE,  61,  59 

/ 

1-Hexadecene,  60,  13 
Hexamethyl benzene  [87-85-4],  61,  98 
HEXAMETHYL  DEWAR  BENZENE  [7641-77-2],  61,  62 
Hexamethyl di si  1 oxane ,  62,  63 

Hexamethyl phosphori ctri ami de  [680-31-9],  61,  116 

Hexanedioic  acid,  dimethyl  ester  [627-93-0],  60,  2 

Hexanedioic  acid,  monomethyl  ester  [627-91-8],  60,  1 

1,4,7,10,13,16-Hexaoxacyclooctadecane  [17455-13-9],  60,  129 

1 ,2,4,5-HEXATETRAENE  [29776-96-3],  60,  41 

1-Hexene,  1-iodo-,  (Z)-  [16538-47-9],  62,  1 

HOMOCONJUGATE  ADDITION,  60,  66 

Homo-Michael  acceptor,  60,  69 

Hydrazine  [302-01-2],  62,  57 

Hydrazine  hydrate  [7803-57-8],  61,  17;  62,  34 

Hydrazine  monohydrate  [7803-57-8],  61,  17 

Hydriodic  acid  [10034-85-2],  62,  169 

HYDRIODIC  ACID,  REDUCTION  OF  QUINONE,  62,  165 

Hydrobromi nation ,  of  acrolein,  62,  140 

Hydrobromi nati on ,  of  methyl  vinyl  ketone,  62,  140 

HYDROCINNAMALDEHYDE,  a-METHYL-  [5445-77-2],  61,  82 

Hydroci nnami c  acid,  a, 3-dibromo-,  erythro-,  62,  47 
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Hydrogen  peroxide-acetonitrile,  60,  63 

Hydrolysis,  of  4-acetyl -7 ,8-dimethyl -2-oxa-4-azabi cyclo[4.3.0]non-7- 
en-3-one,  62,  149 

Hydrolysis,  of  a  phosphoramidate.  62,  191 
Hydroquinone  [123-31-9],  62,  152 

Hydroquinone,  inhibitor  during  Diels-Alder  reaction,  62,  149 
173-HYDR0XY-5a-ANDR0ST-2-ENE  [2639-53-4],  61,  116 

4- Hydroxy-2-butanone  [590-90-9],  60,  93 

3-( 1-HYDR0XYBUTYL)-1-METHYLPYRR0LE  [70702-66-8],  62,  111 
2-Hydroxycyclobutanone  [17082-63-2],  60,  27 

5- ( 2-Hydroxyethyl )-4-methyl -1 ,3-thiazole,  62,  178 
2- ( HYDROXYMETHYL ) ALL YLTR I METHYLS I  LANE ,  62,  58 
2-HYDR0XYMETHYL-2-CYCL0PENTEN0NE ,  61,  65 

Imidazole,  60,  73 

IMIDAZ0LE-2-CARB0XALDEHYDE  [10111-08-7],  60,  72 
1H-IMIDAZ0LE-2-CARB0X ALDEHYDE  [10111-08-7],  60,  72 
Imidazolidine,  1, 3-di benzoyl -2- ( lH-i mi dazol —  2— y 1 )-,  monohydrochl ori de 
[65276-01-9],  60,  74 

Imi dazol idi ne,  2-( 1,3-diphenyl -2-imi dazol idi nyl i dene )-l , 3-di phenyl  - 
[2179-89-7],  60,  50 

Indicator,  for  hydrogen  bromide,  62,  141 
Iodine  [7553-56-2],  62,  3 
Z-l-Iodo-l-alkenes,  62,  6 
Iodobenzene  [591-50-4],  61,  82 
Z-1-I0D0HEXENE  [16538-47-9],  62,  1 
1,3-Isobenzofurandione  [85-44-9],  60,  101 
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Isobutene  [115-11-7],  61,  116 
Isobutyryl  chloride  [79-30-1],  61,  5 
1-H-Isoi ndole-1 ,3( 2H)-di one  [85-41-6],  62,  57 
ISOQUINOLINE,  DIHYDRO,  62,  74 

o-IS0THI0CYANAT0-( E)-CI NNAMALDEHYDE  [19908-01-1],  61,  71 
o-IS0THI0CYANAT0-( Z)-CINNAMALDEHYDE  [19908-02-2],  61,  71 

KETONE,  CONJUGATE  ALLYLATION  OF  a,g-UNSATURATED,  62,  86 
KETONE,  a-TERT-ALKYLATION,  62,  95 
Kolbe  electrolysis,  60,  4 

Lamps,  photochemical,  62,  119 

Lead  tetraacetate,  62,  24,  30 

LIMONENE  [5989-27-5],  61,  112 

Lithiation,  of  2-methyl al lyl  alcohol,  62,  58 

Lithium  [7439-93-2],  62,  109 

Lithium  aluminum  hydride  [16853-85-3],  61,  42;  62,  77 

Lithium,  butyl  [109-72-8],  61,  5,  42,  74,  116;  62,  8,  47,  66 

Lithium,  tert-butyl-,  62,  85 

Lithium  containing  1-2%  of  sodium,  62,  4 

Lithium  cyanide  [2408-36-8],  60,  127 

Lithium  dibutylcuprate,  62,  1,  20 

Lithium  di (Z-hexenyl )cuprate,  62,  2 

Lithium,  [o-(dimethylamino)phenyl ]-,  62,  47 

Lithium,  [2- (dimethyl ami no)phenyl ]-  [22608-37-3],  62,  47 

Lithium  dimethylcuprate,  62,  16 

Lithium,  (1 ,1-dimethylethyl )  [594-19-4],  62,  85 
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Lithium  hydride  [7580-67-8],  60,  127 

Lithium  metal,  reaction  with  methyl  chloride,  62,  101 

Lithium,  methyl-  [917-54-4],  61,  39;  62,  47,  101,  109 

Lithium,  (1-methyl propyl )-  [598-30-1],  61,  141 

Lithium  perhydro-9b-boraphenaly 1  hydride  [36005-35-3],  61,  103 

Lithium  reagents,  standardization,  62,  79 

Magnesium  [7439-95-4],  60,  42;  62,  57 
Maleic  anhydride  [108-31-6],  61,  147 

Malonic  acid,  bis (hydroxymethyl )-,  diethyl  ester  [20605-01-0],  61,  56,  77 

Malonic  acid,  monoethyl  ester  [1071-46-1],  61,  5 

Malonic  acid,  monoethyl  ester,  potassium  salt  [6148-64-7],  61,  5 

Manganese  acetate  tetrahydrate  [6156-78-1],  61,  22 

Meerwein  reaction,  62,  69 

(+)-p-MENTHA-l, 8-DIENE  [5989-27-5],  61,  112 

ci s-p-MENTH-8-EN-l-YL  METHYL  ETHER  [24655-71-8],  61,  112 

trans-p-MENTH-8-EN-l-YL  METHYL  ETHER  [24655-72-9],  61,  112 

MERCAPTANS  FROM  THIOKETALS,  61,  74 

Mercury,  (aceto-O)phenyl -  [62-38-4],  61,  82 

Mercury,  (aceto)phenyl -  [62-38-4],  61,  82 

Mercury(II)  chloride,  60,  42 

Mercury  oxide  [21908-53-2],  61,  48 

Mercury(II)  oxide,  red  [21908-53-2],  61,  48 

Mercury(II)  tri fluoroacetate  [13257-51-7],  61,  48 

Methanamine,  N-methyl-  [124-40-3],  61,  24,  116;  62,  139 

Methane,  chloro-  [74-87-3],  62,  109 

Methane,  dichloromethoxy-  [4885-02-3],  61,  1 
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Methane,  tetrachloro-  [56-23-5],  61,  35 
Methane,  tribromo-  [75-25-2],  61,  39 

4.7- Methanoindene,  3a,4,7,7a-tetrahydro-,  62,  139 

4.7- Methano-l-H-indene,  3a,4,7,7a-tetrahydro-  [77-73-6],  62,  139 
Methanone,  diphenyl-  [119-61-9],  60,  14 
p-Methoxyacetophenone  cyanohydrin,  60,  17 
4-Methoxy-3-buten-2-one  [4652-27-1],  61,  147 

53-METH0XYCYCL0HEXAN-l-0NE-33,43-DICARB0XYLIC  ACID  ANHYDRIDE,  61,  147 
p-Methoxyphenyllead,  62,  30 
p-Methoxyphenyl lead  triacetate,  62,  24 

t ran s-l-METHOXY-3-TR I METHYLS  I LOXY-1 ,3-BUTADIENE  [59414-23-2],  61,  147 
p-Methyl acetophenone  cyanohydrin,  60,  17 
N-Methylanilinium  tri fl uoroacetate  [29885-95-8],  60,  88 
6-METHYLBICYCL0[4.2.0]0CTAN-2-0NE  [13404-66-5],  62,  118 
METHYL  a-(BR0M0METHYL )ACRYLATE  [4224-69-5],  61,  77 
( E)-( 2-Methyl -1 ,3-butadi eny 1 )di methyl alane,  62,  31,  33 
3-Methyl -3-buten-2-ol ,  62,  65 
Methyl  chloride,  62,  109 

Methyl  chloride,  transferring  and  metering,  62,  101 
Methyl  chloroformate  [79-22-1],  60,  83 

2- Methyl -2-cycl ohexen-l-ol ,  62,  65 

3- Methyl -2-cycl ohexenone  [1193-18-6],  62,  118 
Methyl  3, 3' -di bromoi sobutyrate  [22262-60-8],  61,  77 

Methyl  2-(diethylphosphoryloxy)-l-cyclohexene-l-carboxylate,  62,  15 
4,5-METHYLENEDIOXYBENZOCYCLOBUTENE  [61099-23-8],  62,  74 
3,4-Methylenedioxyphenylacetic  acid  [2861-28-1],  62,  77 
2-( 3' ,4' -Methylenedi oxyphenyl )-ethanol ,  62,  78 
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a-METHYLENE  KETONES  AND  ALDEHYDES,  60,  88 

2-METHYLENE-l -0X0-1 ,2 ,3,4-TETRAHYDR0NAPH\HALENE  [13203-73-1],  60,  88 

Methylene  transfer,  60,  90 

Methyl  formate  [107-31-3],  61,  1 

Methyl  hydrogen  hexanedioate  [627-91-8],  60,  1 

METHYL  4-HYDR0XY-2-BUTYN0ATE  [31555-05-2],  60,  81 

METHYL  KETONES  FROM  TERMINAL  OLEFINS,  62,  9 

Methyl  lithium  [917-54-4],  61,  39;  62,  16,  47,  109,  66 

METHYLLITHIUM,  HALIDE-FREE,  PREPARATION  AND  FILTRATION,  62,  101 

Methyl  1 i thium-1 ithium  bromide  complex,  62,  19 

METHYL  2-METHYL- 1-CYCLOHEXENE -1-CARBOXYLATE  [25662-38-3],  62,  14 

Methyl  2-oxocyclohexanecarboxylate  [41302-34-5],  62,  14 

2-Methyl -2-pentene  [625-27-4],  61,  85 

2-METHYL-3-PHENYLPR0PANAL  [5445-77-2],  61,  82 

2-Methylpropane-2-thiol  [75-66-1],  61,  134 

2-Methyl -2-propen-l-ol  [513-42-8],  61,  82;  62,  66 

1-Methyl  pyrrole  [96-54-8],  62,  111 

1- Methyl -2-( 3H)-pyrrolethione ,  dihydro-,  62,  164 
N-Methylpyrrolidinone,  62,  164 
trans-B-Methyl styrene  [873-66-5],  60,  54 
N-METHYLTHIOPYRROLIDONE ,  62,  158 

2- Methyl -1-tri methyl  si  1 oxy-3-tri methyl  si lyl -2-propene ,  62,  63 
Methyl  vinyl  ketone  [78-94-4],  61,  129;  62,  148 
(R,S)-MEVAL0N0LACT0NE-2-13C  [53771-22-5],  60,  92 

Mitsunobu  procedure,  conversion  of  hydroxyl  groups  to  amines,  62,  48 
Monoethyl  malonate  [1071-46-1],  61,  5 
l(2H)-Naphthalenone,  3,4-dihydro-  [529-34-0],  60,  88 
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1 ( 2H ) -NAPHTHALENONE  ,  3,4-DIHYDR0-2-METHYLENE-  [13203-73-1],  60,  88 
Neopentanediol  [126-30-7],  62,  141 
Neryl  chloride,  62,  35 
Nitric  acid,  fuming,  61,  17 
m-Nitroacetophenone,  60,  109 
p-Nitroacetophenone  cyanohydrin,  60,  17 
m-NITROETHYLBENZENE  [617-86-7],  60,  108 
Nitroolefins,  60,  103 
2-Nitro-l-propanol  [2902-96-7],  60,  102 
preparation,  60,  102 
2-NITR0PR0PENE  [4749-28-4],  60,  101,  118 
NONADECANOIC  ACID  [646-30-0],  60,  11 
Nonanoic  acid,  60,  13 

1 ,3,6,8-Nonatetraen-5-one,  1,9-diphenyl  [622-21-9],  62,  148 


l-Octadecene ,  60,  13 

(E)-2,6-0ctadiene,  l-chloro-3, 7-dimethyl  [5389-87-7),  62,  38 
4-0CTAN0NE ,  5-HYDROXY-  [496-77-5],  62,  170 
1-Octene,  60,  13 

Y-(n -OCTYL )-y-BUTYROLACTONE  [2305-05-7],  61,  22 


Organic  peroxides: 
removal ,  60,  64 
test  for  60,  64 
Organol ithium  reagents,  62,  4 
Osmium  oxide  [20816-12-0],  61,  85 
Osmium  oxide,  (T-4)-  [20816-12-0],  61,  85 


255 


V 


Osmium  tetroxide  [20816-12-0],  61,  85 

6-0xabicyclo[3.1.0]hexane  [285-67-6],  62,  57 

9-0XABICYCL0[6.1.0]N0NANE,  cis-  [4925-71-7],  60,  63 

trans-13-0xabicyclo[10.1.0]tridecane  [4683-60-7],  60,  31 

Oxalic  acid  dihydrate  [6153-56-6],  60,  21 

Oxalyl  chloride  [79-37-8],  61,  8,  134 

1,3-OXAZEPINES,  61,  98 

2-0xazolidinone  [497-25-6],  62,  157 

2-0xazolidinone,  3-acetyl-  [1432-43-5],  62,  157 

2-Oxazolidinone,  3-acetyl -5-chloro-  [60759-48-0],  62,  157 

2(3H)-0xazol one,  3-acetyl-  [60759-49-1],  62,  149,  157 

Oxazolone  formation,  from  2-ami  noethanol  and  diethyl  carbonate,  62,  149 

Oxetanes,  in  photo-addition  of  aldehydes  to  pyrrole,  62,  115 

OXIDATION  OF  5-AMI NOTETRAZOLES,  61,  14 

Oxidation,  of  3-(hydroxyalkyl )pyrroles  to  3-acyl  pyrroles ,  62,  115 
Oxidation,  with  manganese  dioxide,  62,  115 
Oxidation,  of  thietane  to  thietane  1,1-dioxide,  62,  210 
Oxidation,  of  thioethers  with  hydrogen  peroxide,  62,  210 
2-0X0-1-PHENYL-3-PYRR0LIDINECARB0XYLIC  ACID  [56137-52-1],  60,  66 
2- ( 2-0X0PR0PYL) CYCLOHEXANONE ,  60,  17 

Palladium  acetate  [3375-31-3],  61,  82 
Pal ladium( II )  catalysis,  amination  of  alkenes,  62,  48 
Palladium-catalyzed  cross-coupling  of  an  alkenyl -al umi num  with  an  allyl 
halide,  62,  31 

PALLADIUM-CATALYZED  CROSS-COUPLING,  OF  ORGANOLITHIUM  COMPOUNDS  WITH 
ALKENYL  HALIDES,  62,  39 
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PALLADIUM-CATALYZED  SYNTHESIS  OF  1,4-DIENES  BY  ALLYLATION  OF 
ALKENYLALANES,  62,  31 

Palladium  chloride  [7647-10-1],  62,  9,  34,  47,  57 
Pal  1 adi um( II )  chloride-acetonitrile,  62,  55 
Palladium(II),  oxidation  of  1-alkenes,  62,  9 
Palladium-phosphine  complex  reaction  of  organol ithium  compounds 
and  alkenyl  halides,  62,  39 

Pal  1 adi um( II ) ,  recycling  with  copper(II)  and  oxygen,  62,  9 
Palladium,  tetrakis(triphenylphosphine)-  [14221-01-3],  62,  38 
Paracyclophanes,  table,  60,  47 
Paraformaldehyde  [30525-89-4],  61,  65 
Paraformaldehyde  (polyoxymethylene) ,  60,  88 
Pentadecanoi c  acid,  60,  13 
2 ,3-Pentadi enoi c  acid,  ethyl  ester,  62,  202 
PENTAN0IC-2-13C  ACID,  3-HYDR0XY-3-METHYL-5-( PHENYLMETHOXY)- 
[57830-65-6],  60,  94 

PENTANOIC  ACID,  4-METHYL-3-0X0- ,  ETHYL  ESTER  [7152-15-0],  61,  5 

3- Pentanone  [96-22-0],  61,  122 

4- Pentenal ,  2,2-dimethyl-  [5497-67-6],  62,  133 
2-Pentene,  2-methyl-  [625-27-4],  61,  85 
4-PENTYLBENZOYL  CHLORIDE  [49763-65-7],  61,  8 
2-tert-PENTYLCYCLOPENTANONE  [25184-25-2],  62,  95 
Perhydro-9b-azaphenalene  [57194-67-9],  61,  103 
PERHYDR0-9b-B0RAPHENALENE  [16664-33-8],  61,  103 
Perhydrophenalene  [40250-64-4],  61,  103 
PERHYDR0-9b-PHENALEN0L  [16664-34-9],  61,  103 

2-( PERHYDRO-9 1 b-PHENALYL)-l  ,3,2-DIOXABOROLE  [18604-57-4],  61,  103 
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Phase  transfer  alkylation,  60,  67 
Phase  transfer  oxidation,  60,  13 

PHENALENE-9b( 2H)-B0R0NIC  ACIO,  DECAHYDRO- ,  CYCLIC  ETHYLENE  ESTER 
[18604-57-4],  61,  103 

Phenalene,  9ba-chloro-2,3,3aa,4,5,6,6aa,7,8,9,9a8,9b-dodecahydro 
[33343-40-7],  61,  103 

lH-Phenalene,  dodecahydro-  [2935-07-1],  61,  103 

lH-Phenalene,  dodecahydro-,  (3aa,6aa,9aa,9b8)  [40250-64-4],  61,  103 

PHENALEN-9ba(2H)-0L,  3,3aa,4,5,6aa,7,8,9,9aB-DECAHYDR0-  [16664-34-9],  61,  103 

PHENALEN-9b( 2H)-0L,  DECAHYDRO-  cis,cis,trans-  [16664-34-9],  61,  103 

1 ,10-Phenanthrol i ne,  62,  19 

Phenol  [108-95-2],  61,  35 

Phenol  aldehydes,  table,  60,  51 

Phenols,  61,  35 

2-Phenyl -2-adamantanami  ne,  60,  105 
2-PHENYL-2-ADAMANTANAMINE  HYDROCHLORIDE,  60,  104 
2-Phenyl -2-adamantanol  [29480-18-0],  60,  105 
Phenylchlorodi azi ri ne  [4460-46-2],  60,  55 
PHENYL  CYANATE  [1122-85-6],  61,  35 
1-Phenyl -2, 2-diethoxycyclopropane,  60,  8 

1 -PHE NYL-3, 4-D I  HYDRO-6, 7-METHYLENEDI OX Y I SOQU I  NOLINE  [55507-10-3], 

62,  74,  85 

4-PHENYL-6-HEPTEN-2-0NE  [69492-29-1],  62,  86,  94 
Phenylmercuri c  acetate  [62-38-4],  61,  82 
1 -PHENYL-1 -PE NTANOL  [583-03-9],  61,  42 
(+)-(R)-l “PHENYL- 1-PENTANOL  [19641-53-3],  61,  42 
( S) -1-PHENYL-1-PENTAN0L  [33652-83-4],  61,  42 
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N-Phenylpyrrolidinone,  60,  68 

Phosphine,  triphenyl  [603-35-0],  62,  47,  57 

Phosphonium  salt,  from  triphenylphosphine  and  ethyl  bromoacetate,  62,  202 
Phosphonotrithioic  acid,  (p-methoxyphenyl )-bimol  cyclic  anhydrosulfide, 
62,  164 

Phosphorami di c  dichloride,  dimethyl-  [677-43-0],  61,  116 
PH0SPH0RAZIDIC  ACIO,  DIPHENYL  ESTER  [26386-88-9],  62,  187,  190,  195 
Phosphoric  triamide,  hexamethyl-  [680-31-9],  61,  116 
Phosphorochloridi c  acid,  diethyl  ester  [814-49-3],  61,  134;  62,  23 
Phosphorochl ori di c  acid,  diphenyl  ester  [2524-64-3],  62,  190 
Phosphorodi ami di c  chloride,  tetramethyl-  [1605-65-8],  61,  116 
Phosphorus  oxide  [1314-56-3],  61,  35,  42,  116 
Phosphorus  oxychloride  [POCI3]  [10025-87-3],  61,  116 
Phosphorus  pentoxide  [1314-56-3],  61,  42,  116;  62,  19,  33 
Phosphorus  sulfide  [12066-62-5],  62,  164 
Phosphoryl  chloride  [10025-87-3],  61,  116 
Photochemical  apparatus,  62,  121 
Photochlorination,  of  thietane  1,1-dioxide,  62,  210 
Photocyclization  of  an  enone  to  an  alkene,  62,  118 
Photocycloaddition,  copper(I)  catalyzed,  62,  125 
PH0T0CYCL0ADDITI0N,  OF  ETHYLENE  WITH  CYCL0HEXEN0NE ,  62,  118 
Photocycloaddition,  of  a  1,6-heptadiene,  62,  125 
Photocycloadducts  of  enones  with  alkenes,  table,  62,  123 
PH0T0IS0MERIZATI0N  OF  HETEROAROMATIC  N-0XIDES,  61,  98 
PH0T0PR0T0NATI0N  OF  CYCLOALKENES,  61,  112 
Phthalic  anhydride  [85-44-9],  60,  101 
Phthalimide  [85-41-6],  62,  50 
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Piperidine  [110-89-4],  61,  129 

Pivaloyl  chloride  [3282-30-2],  60,  35  N 

Plumbane,  tri acetoxy (p-methoxyphenyl )-  [18649-43-9],  62,  30 

Plumbane,  tris(acetyloxy)(4-methoxyphenyl )-  [18649-43-9],  62,  30 

Potassium  cyanide  [151-50-8],  62,  201 

Potassium  hydride,  62,  15,  179 

Potassium  monoethylmalonate  [6148-64-7],  61,  5 

Potassium  permanganate  [7722-64-7],  61,  22 

PREPARATION  OF  HALIDE-FREE  METHYLLITHIUM,  62,  101 

Pressure  vessel,  for  Diels-Alder  reaction,  62,  152 

2-Propanamine,  N-( 1-methylethyl )-  [108-18-9],  61,  116 

Propanedioic  acid,  diethyl  ester  [105-53-3],  60,  67 

Propanedioic  acid,  diethyl  ester,  ion(l-),  sodium  [996-82-7],  61,  71 

Propanedioic  acid,  dimethyl  ester  [108-59-8],  60,  78 

Propanedioic  acid,  monoethyl  ester  [1071-46-1],  61,  5 

Propanedioic  acid,  monoethyl  ester,  potassium  salt  [6148-64-7],  61,  5 

1.3- Propanediol  [504-63-2],  62,  148 

1.3- Propanediol,  2,2-dimethyl-  [126-30-7],  62,  148 
Propanenitrile,  2-hydroxy-2-methyl -  [75-86-5],  60,  127 
2-Propanethiol ,  2-methyl-  [75-66-1],  61,  134 

2-Propanethiol ,  2-methyl-,  thallium(I)  salt  [56393-79-4],  61,  134 

Propanoic  acid,  3-bromo-2-(bromoethyl )-  [41459-42-1],  61,  77 

Propanoic  acid,  2-oxo-  [127-17-3],  61,  1 

2-Propanol,  2-methyl-  [75-65-0],  61,  85,  116 

1-Propanol,  2-nitro-  [2902-96-7],  60,  102 

Propanoyl  chloride,  [79-03-8],  62,  209 

Propanoyl  chloride,  2,2-dimethyl-  [3282-30-2],  60,  35 


260 


Propanoyl  chloride,  2-methyl  [79-30-1],  61,  5 
PR0PAN0YL  CHLORIDE,  2-0X0-  [5704-66-5],  61,  1 
Propargyl  alcohol  [107-19-7],  60,  82 
Propargyl  bromide,  60,  42 
2-Propenal ,  [107-02-8],  62,  148 

2-PR0PENAL ,  3-( 2-IS0THI0CYANAT0PHENYL)-,  (E)-  [19908-01-1],  61,  71 
1-Propene,  3-bromo-  [106-95-6],  62,  57 
1-Propene,  3,3-di ethoxy-2-phenyl -,  60,  7 

1- Propene,  2-methyl-  [115-11-7],  61,  116 

2- PROPENENI TR I LE  ,  3-PHENYL- ,  (E)-  [1885-38-7],  62,  186 

1- PROPENE,  2-NITRO-  [4789-28-4],  60,  101,  118 

2- PROPENOIC  ACID,  2-(BR0M0METHYL)-,  ETHYL  ESTER  [17435-72-2],  61,  56 
2-PR0PEN0IC  ACID,  2-(BR0M0ETHYL)-,  METHYL  ESTER  [4224-69-5],  61,  77 
2-Propenoic  acid,  3-phenyl-,  (E)-  [140-10-3],  62,  47 
2-Propen-l-ol ,  2-methyl-  [513-42-8],  61,  82;  62,  66 

2-Propen-l-ol ,  2-[(trimethylsi lyl )methyl ]-,  acetate  [72047-94-0],  62,  66 
trans-2-( 2-Propenyl )cyclopentanol  [74743-89-8],  62,  49 
cis-2-(2-Propenyl )cyclopentylamine  [81097-02-1],  62,  50 

Propionic  acid,  3-bromo-2-(bromomethyl )-,  methyl  ester  [22262-60-8],  61,  77 
Propionyl  chloride,  62,  209 

1- Propyne,  3-bromo-  [106-96-7],  60,  42 

2- Propyn-l-ol  [107-19-7],  60,  82 
2H-Pyran,  3,4-dihydro-  [110-87-2],  60,  82 

2H-Pyran,  tetrahydro-2-(2-propynyloxy )-  [6089-04-9],  60,  82 
2H-Pyran-2-one-3-^C,  tetrahydro-4-hydroxy-4-methyl -  [53771-22-5],  60,  92 
Pyridine,  62,  25,  78 

PYRIDINE,  2,6-BIS( 1 , 1-DIMETHYLETHYL ) -3-METHYL-  [38222-83-2],  60,  34 
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Pyridine,  nucleophilic  addition  to  4-chloro-l, 3-dinitrobenzene,  62,  134 
Pyrido(2,l,6-de)quinolizine,  dodecahydro.-  cis.cis-:  (3a a, 6a a, 9a a) 
[57147-56-6];  cis.trans-:  (3aa,6aa,9a3)  [57194-67-9],  61,  103 
Pyrrole,  3-acyl,  62,  115 
Pyrrole,  3-( 1-hydroxyal kyl ) ,  62,  115 

lH-Pyrrole-3-methanol  ,  1-methyl -a-propyl  -  [70702-66-8],  62,  111,  117 

Pyrrole,  1-methyl-  [96-54-8],  62,  117 

lH-Pyrrole,  1-methyl-  [96-54-8],  62,  117 

Pyrrole,  photochemical  addition  of  butyraldehyde,  62,  111 

Pyrrolidine  [123-75-1],  62,  195 

PYRROLIDINECARBOXYLIC  ACID,  2-0X0-1-PHENYL-  [56137-52-1],  60,  66 
2-Pyrrol idi nethione ,  1-methyl  [10441-57-3],  62,  158-164 

2- Pyrrol idi none,  1-methyl-  [872-50-4],  62,  164 
Pyruvic  acid  [127-17-3],  61,  1 

PYRUVOYL  CHLORIDE  [5704-66-5],  61,  1 

Quinoline  [91-22-5],  61,  71 

3- Quinol inecarboxaldehyde,  l,2-dihydro-2-thioxo-  [51925-41-8],  61,  71 
Quinoline  1-oxide  [1613-37-2],  61,  98 

Quinoline  N-oxide  [1613-37-2],  61,  98 
2 ( 1H ) — Qui nol i none  [59-31-4],  61,  98 

QUINONES,  REDUCTION  TO  HYDROCARBONS  WITH  HYDRIODIC  ACID,  62,  165 

Radical  addition,  to  electron-deficient  double  bonds,  62,  69 
Radicals,  aryl,  62,  67 
Red  phosphorus,  62,  165 
REDUCTION  OF  KETONES,  60,  108 
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Reduction,  of  quinones  to  hydrocarbons  with  hydriodic  acid,  62,  165 
REDUCTION  OF  QUINONES  WITH  HYDRIODIC  ACID:  BENZ [a] ANTHRACENE,  62,  165 
REDUCTIVE  ALKYLATION,  61,  59 

Reductive  arylation  of  electron-deficient  olefins,  62,  67 
REDUCTIVE  CLEAVAGE  OF  VINYL  PHOSPHATES,  61,  116 
REDUCTIVE  COUPLING,  60,  113 
table,  60,  116 

Regioselectivity,  in  addition  of  aryl  radicals  to  electron-deficient 
alkenes,  62,  67 

Ring  contraction,  of  l-(n-pyrrolidino)-l-cyclododecene,  62,  191 

Silane,  allytrimethyl ,  62,  94 

Silanecarbonitrile,  trimethyl-  [7677-24-9],  60,  15,  126;  62,  201 
Silane,  chlorotrimethyl -  [75-77-4],  60,  127;  61,  122,  147; 

62,  66,  100,  201 

Silane,  [1-cyclobutene-l  ,2-diylbi s (oxy )]bi s[trimethyl  ]  [17082-61-0],  60,  19 
Silane,  (1-cyclopenten-l-yloxy )trimethyl -  [19980-43-9],  62,  100 
Silane,  (1-cycl ohexen-l-yloxy )trimethyl -  [6651-36-1],  60,  118 
SILANE,  [( 1-ETHYL-1-PR0PENYL)0XY]TRIMETHYL- ,  (Z)-  [51425-54-8],  61,  122 
SILANE,  [( 3-METH0XY-1-METHYLENE-2-PR0PENYL) OXY]TRIMETHYL- 
[59414-23-1],  61,  147 
Silane,  triethyl-  [617-86-7],  60,  109 
Silane,  trimethyl -2-propenyl -  [762-72-1],  62,  94 
Silver  oxide,  60,  95 
S I L  Y  L AT I  ON  OF  KETONES,  61,  122 

Silylation  of  2-methyl -2-propen-l-ol  dianion,  62,  58 
Silylation,  of  organo-lithium  compounds,  62,  58 
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Silyl  enol  ethers,  60,  117 

Si  1 y 1  enol  ether,  of  cyclopentanone,  62^  95 

Sodio  diethyl  malonate  [996-82-7],  61,  71 

Sodium  azide  [26628-22-8],  62,  47,  190 

Sodium  benzophenone  radical  anion,  62,  79 

Sodium  borohydride  [16940-66-2],  61,  85 

Sodium  cyanide  [143-33-9],  61,  35 

Sodium  cyclopentadienide,  62,  134 

Sodium  hydride,  62,  15 

Sodium  hypobromite,  61,  14 

Sodium  ketyl  of  benzophenone,  62,  17 

Sodium  methoxide,  62,  134 

Sodium  methoxide,  anhydrous,  62,  142 

Sodium  nitrite,  62,  69 

Spiroacylals,  60,  69 

SPIR0[5,7]TRIDECA-l,4-DIEN-3-0NE  [41138-71-0],  61,  129 
SPIRO[5,7]TRIDEC-l-EN-3-ONE  [60033-39-8],  61,  129 
Steam  distillation,  62,  179 

Stetter  procedure,  for  the  acyloin  condensation,  62,  170 
(E)-Sti lbene  [103-30-0],  61,  93 
Styrene,  60,  7,  13 

a-formylation  of,  60,  10 
Styrene,  3-bromo-,  (Z)-,  62,  47 

SUCCINAMIDE,  2,3-DIMETH0XY-N,N,N‘ ,N‘-TETRAMETHYL-(+)-  [26549-29-1],  61,  24 
Sulfonamides,  formation  from  the  amine,  62,  48 
Sulfuric  acid,  dimethyl  ester  [77-78-1],  61,  24 

SYNTHESIS  AND  DIELS-ALDER  REACTIONS  OF  3-ACETYL-2(3H)-0XAZ0L0NE,  62,  149 
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SYNTHESIS  OF  AZULENE,  62,  134 

SYNTHESIS  OF  a.B-UNSATURATED  NITRILES  FROM  ACETONITRILE,  62,  179 

(R,R)-(+)-Tartaric  acid  [87-69-4],  61,  24 

(5.5)  (-)-Tartaric  acid  [147-71-7],  61,  24 
(+)-Tartaric  acid  [87-69-4],  61,  24 
Tartaric  acid,  diethyl  ester,  61,  24 

(R)-(+)_Tartaric  acid,  diethyl  ester,  (+)-  [608-84-4],  61,  24 
(R,R)-(+)-Tartaric  acid,  diethyl  ester,  61,  24 
TARTRAMIDE,  N,N,N 1 ,N 1 -TETRAMETHYL-(+) -  [26549-65-5],  61,  24 
Tetrabutyl ammoni um  fluoride  hydrate  [22206-57-1],  61,  122 
Tetrabutyl ammonium  hydroxide  [2052-49-5],  61,  122 
Tetrabutyl ammonium  perchlorate  [1923-70-2],  60,  58 
1-Tetradecene ,  60,  13 

TETRAETHYL  1, 2 ,3,4-BUTANETETRACARBOXYLATE  [4373-15-3],  60,  58 
Tetrahydro-2-(2-propynyloxy)-2H-pyran  [6089-04-9],  60,  82 
Tetrakis(triphenylphosphine)palladium,  62,  32 
a-Tetralone  [529-34-0],  60,  88 

N,N,N‘ ,N'-Tetramethyldiamidophosphorochloridate  [1605-65-8],  61,  116 

(5.5) -(+)-N,N,N‘ ,N* -TETRAMETHYL-1 ,4-DIAMIN0-2,3-DIMETH0XYBUTANE  [DDB] 
[26549-21-3],  61,  24,  42 

N,N,N 1 , N ' -Tetramethyl -1 ,7-diaza-l ,3,5-heptatri ene,  in  the  preparation 
of  azulene,  62,  134 

TETRAMETHYL  1, 1 ,2 ,2-ETHANETETRACARBOXYLATE  [5464-22-2],  60,  78 
Tetramethylethylenediamine  [110-18-9],  61,  116,  141;  62,  66 
in  1 i th i at i on  of  2-methylallyl  alcohol,  62,  58 
TETRAMETHYL  [2.2]PARACYCL0PHANE-4,5,12,13-TETRACARB0XYLATE,  60,  41 
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(R,R)-(+)-N,N,N‘ .N'-TETRAMETHYLTARTARIC  ACID  DIAMIDE  [26549-65-5],  61,  24 
1,1' ,3,3* -Tetraphenyl -2,2' -biimidazoli dinyli dene  [2179-89-7],  60,  50 
lH-Tetrazol -5-ami ne  [4418-61-5],  61,  14 

1H-TETRAZ0L-5-AMI NE ,  N-( PHENYLMETHYL)-  [14832-58-7],  61,  14 

lH-Tetrazole,  5-amino  [4418-61-5],  61,  14 

lH-Tetrazole,  5-amino-,  monohydrate  [15454-54-3],  61,  14 

1H-TETRAZ0LE ,  5-(BENZYLAMIN0)-  [14832-58-7],  61,  14 

Thai  1 i um( I )  ethoxide  [20398-06-5],  61,  134 

Thai  1 i um( I )  2-methylpropane-2-thiolate  [56393-79-4],  61,  134 

Thiacyclobutene,  derivatives,  62,  210 

THIATION,  OF  N-METHYLPYRROLIDONE ,  62,  158 

TH I AT  I ON  WITH  2,4-BIS( 4-METH0XYPHENYL)-l ,3 ,2,4-DITHIADIPHOSPHETANE 
2,4-DISULFIDE,  62,  158 

5-Thiazoleethanol ,  4-methyl-  [137-00-8],  62,  178 

Thiazolium,  3-benzyl -5-( 2-hydroxyethyl )-4-methyl -,  chloride,  62,  178 
Thi azol ium,  5-( 2-hydroxyethyl ) -4-methyl -3-( phenyl  methyl )-,  chi oride 
[4568-71-2],  62,  178 

Thiazolium  ion,  catalysis  of  the  acyloin  condensation,  62,  170 
Thietane  [287-27-4],  62,  217 

Thietane,  3-chloro-,  1,1-dioxide  [15953-83-0],  62,  217 

Thietane  1,1-dioxide  [5687-92-3],  62,  217 

Thiete  1,1-dioxide,  62,  217 

2H-Thiete  1,1-dioxide  [7285-32-7],  62,  217 

THIETE  1,1-DIOXIDE  AND  3-CHL0R0THIETE  1,1-DIOXIDE,  62,  210 

2H-Thiete  1,1-dioxide  and  2H-thiete,  3-chloro-,  1,1-dioxide,  62,  210 

Thiocarbonyl  group,  formation  from  carbonyl,  62,  158 
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THIOL  ESTERS,  61,  48 

preparation  of,  61,  134 
Thionyl  chloride  [7719-09-7],  62,  78,  85 
Thiophosgene  [463-71-8],  61,  71 
Titanium  metal,  62,  67 
Titanium(III)  sulfate,  62,  68 
Titanium  tetrachloride  [7550-45-0],  62,  94,  100 
Titanium  tetrachloride,  catalysis  of  a-tert-alkylation  of 
ketones,  62,  95 

Titanium  tetrachloride,  catalysis  of  conjugate  addition  of 
al lyltrialkylsilanes,  62,  86 
Titanium  trichloride  [7705-07-9],  60,  113;  62,  73 
Toluene,  a-chloro-,  62,  178 

p-Toluenesulfonamide,  N-chloro-,  sodium  salt  [7080-50-4],  61,  85 
cis-2-(p-T0LUENESULF0NAMID0)CYCL0HEXAN0L  [58107-40-7],  61,  85 
p-Toluenesul fonic  acid,  hydrate,  62,  141 
p-Toluenesulfonyl  chloride,  62,  57 
Tosylated  enamines,  62,  55 

cis-N-T0SYL-3-METHYL-2-AZABICYCL0[3.3.0]0CT-3-ENE  [81097-07-6],  62,  48 
ci s-l-N-Tosyl -2-( 2-propenyl )cyclopentyl amine,  62,  51 
Tri butyl  amine,  62,  62 

2 , 2,2-TRICHLOROETHYL  CHL0R0F0RMATE  [17341-93-4],  61,  17 
Tri cycl o[3 .3 .1 .l3 ,7]decan-2-ami ne ,  2-phenyl-,  60,  105 
TRICYCL0[3.3.1.13,7]DECAN-2-AMINE,  2-PHENYL- ,  HYDROCHLORIDE,  60,  104 
Tricyclo[3.3.1.13,7]decane,  2-azi do-2-phenyl -  [65218-96-4],  60,  104 
TRICYCL0[3.3.1.13,7]DECANE,  TR I C YCL0[ 3 . 3 . 1 . I3 » 7]DECYL IDENE- 
[30541-56-1],  60,  113 
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Tricyclo[3.3.1 .l3,7]decan-2-ol ,  2-phenyl-  [29480-18-0],  60,  105 
Tricyclo[3.3.1  .l3,7]decanone  [700-58-3]}  60,  105,  113 
TRICYCL0[8.2 .2.24, 7]HEXADECA-4 ,6, 10, 12, 13, 15-HEXAENE-5.6, 11 , 12- 
TETRACARBOXYLIC  ACID,  TETRAMETHYL  ESTER  [37437-90-4],  60,  41 
Tridecanoic  acid,  60,  13 

Tri ethyl  amine  [121-44-8],  61,  35,  77,  103;  62,  95,  178,  209 
Triethylbenzylammonium  chloride  [56-37-1],  60,  7,  68;  61,  24,  85 
Triethylsilane  [617-86-7],  60,  109 

m-TRIFLUOROMETHYLBENZENESULFONYL  CHLORIDE  [777-44-6],  60,  121 
a,a,a-Trifluoro-m-toluidine  [98-16-8],  60,  121 
2,4,6-Triisopropylbenzenesulfonylhydrazide  [39085-59-1],  61,  141 
Trimethylalane,  62,  31 
Trimethylchlorosilane  [75-77-4],  60,  127 

( 3E,6E)-3, 7, 11-Trimethyl -1 ,3,6, 10-dodecatetraene  [502-61-4],  62,  32 
Trimethylenemethane-palladium  complex,  62,  65 
Trimethylene  sulfide,  62,  217 

(Z)-3-TRIMETHYLSIL0XY-2-PENTENE  [51425-54-8],  61,  122 
0-(Trimethylsi lyl )benzophenone  cyanohydrin  [40326-25-8],  60,  15 
TRIMETHYLSILYL  CYANIDE  [7677-24-9],  60,  15,  126;  62,  201 
O-Trimethylsilyl-4-methoxymandelonitrile,  62,  201 
1-Trimethylsilyloxycyclohexene  [6651-36-1],  60,  118 
1-Trimethylsilyloxycyclopentane,  62,  100 
Triphenylphosphine,  62,  33,  47,  57,  202 
Tungsten  chloride  [13283-01-7],  60,  30 
Tungsten  hexachloride  [13283-01-7],  60,  30 
Tungstic  acid  [7783-03-1],  62,  217 
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VICINAL  OXYAMINATION  OF  OLEFINS,  61,  85,  93 
Vinyl  cuprate,  62,  3 
(Z)-Vinylic  cuprates,  62,  7 

VINYLLITHIUM  REAGENTS,  GENERATION  AND  REACTIONS  OF,  61,  141 
Vinylmagnesium  bromide,  addition  to  aldehyde,  62,  125 

Wacker  oxidation  of  1-alkenes,  62,  9 

Wittig  reagent,  addition  to  acid  chlorides,  62,  202 

Wol ff-Kishner  reaction,  60,  111 

Zinc  [7440-66-6],  61,  122 
Zinc  cyanide  [557-21-1],  62,  201 

Zinc  cyanide,  as  catalyst  in  cyanohydrin  formation,  62,  196 
Zirconium-catalyzed  carboal umi nation  of  alkynes,  62,  31 
Zirconium,  di chloro-ir-cycl opentadi enyl -,  62,  38 
Zirconium,  dichlorobis(n^-2,4-cyclopentadien-l-yl )-  [1291-32-3], 
62,  38 
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